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D.

ABSTRACT

The spring and summer ecology of female greater prairie chickens
in northwestern Minnesota was intensively studied from mid-April
through August during 1975, 1976, and 1977.

Twenty-one females were

radio-tagged and monitored for an average of 57.1 days, yielding 1,113
locations.

Female visits to booming grounds peaked around 12 April

and copulations peaked around 20 April.

Habitats disturbed by culti

vation, grazing, haying, and burning accounted for 60.6% of all loca
tions of monitored females during egg laying and incubation with crop
land used by 10 of 17 females.

Egg laying commenced an average of

3.8 days after copulation at a rate of 1.0 egg per day for first nests.
The average clutch size of 14.6 for first nests was larger than reported
in other parts of the range.

The incubation period of 25.5 days was

longer than generally reported elsewhere and was somewhat longer for
early nests than later nests.

Thirty-six nests were located by moni

toring radio-tagged females and by nest searching using a cable-chain
drag.

The average nest success for 1975-77 was 62.4%.

and red foxes were the primary nest predators.
upon 2 nesting females.
preferred for nesting.

Striped skunks

Foxes also preyed

Habitats undisturbed for 1 or more years were
Dense, vertically oriented cover at ground

level was apparently important in nest site selection, since the mean
level at which 100% visual obstruction occurred using a Robel density
pole was 2.0 dm.

Litter depth apparently was not important in nest

xv

site selection but, along with brush clumps, tended tc be inversely
related to nesting success.

Brome and redtop habitats were preferred

for nesting while most native types were used in relation to their
availability.

Six renests occurred an average of 6.4 days after nest

destruction and were located a mean of 760.0 m from previous nests.
Two females established nests 29.8 and 4.6 m from their successful
nests of the preceding year and demonstrated "nest-slte tenacity.”
Fidelity to a given booming ground was demonstrated by 4 of 5 females
returning to the ground where they were trapped the preceding year.
Nests were not always located closest to the booming ground where
copulation occurred.

Most clutches hatched between 25 May and 14 June

and later clutches tended to hatch during a period receiving more pre
cipitation.

Mortality of radio-tagged broods was high with only 2

chicks of 11 broods alive at the end of the summer.

Monitored broods

made minimum movements of 1950.6 m during week 1 and 1930.6 m during
week 2.

Extensive early movements, heavy precipitation, lack of favor

able brooding areas, and disturbance associated with radio tracking
were thought to contribute tc high brood mortality.

Predation of radio-

tagged females was high (10 of 21) and thought to be related to in
creased vulnerability due to reproductive activities and detrimental
effects of radio tagging.

Disturbed habitats accounted for 68.8% of

young brood locations and 78.0% for late broods.

Disturbed habitats

accounted for 70.9% of the total locations for broodless females.

The

spring density of 6 males per 259.0 ha in the best portion of the study
area is low in comparison to other portions of the range suggesting that
the population was below the potential carrying capacity.
xv i

Brood

mortality was believed to be more important in limiting reproduction
than nest failures.
the sane.

Preferred nest cover and brood cover were not

A system of maintaining brood habitats by rotational dis

turbance and interspersing them within nesting cover is recommended
to enhance reproduction.

xvii

E.

INTRODUCTION

The greater prairie chicken (Tvmpanuchus cupido) has been declining
in numbers in recent years, particularly in the eastern portion of its
range (Chriscisen,

1969).

Intensified farming, overgrazing, and woody

plane succession are the major factors diminishing the grassland
habitat upon which prairie chickens depend.

These factors probably

exert the greatest effect on populations by limiting reproduction.
Hamerstrom et a l . (1957) and Kirsch (1974a) note that, of the various
seasonal habitat needs, nesting and brood-rearing habitat appears to
be the universal limiting factor for prairie chickens.
Spring and summer ecology of females and broods is not well under
stood in much of the remaining range of the prairie chicken.

Hamerstrom

and Hamerstrom (1973:28), in summarizing results of a 22-year study in
Wisconsin,
summer."

indicated that "we know nothing of movements during the
Evans (1974) believed the most critical gap in information

to be adult and young habitat and nutrition during the early brood
period.

Bowman and Rebel

(1977) also noted that few data were available

for greater prairie chicken

broods.

Additionally,

able for females during the summer broodless period.
(1973)

few data are avail
While Toepfer

in Wisconsin, Ammann (1957) in Michigan, and Janson (1955) in

South Dakota collected nesting and/or brood data,

their findings may

not be directly applicable in more northern areas due to differences in
climate and vegetation.

Thus, F a m e s and Haertens (1973) identified

1

the need for more detailed knowledge of nesting and brood habitat in
Minnesota in order to tore appropriately manage grasslands for prairie
chickens.
In Minnesota,
Depart'

the U.S. Fish and Wildlife Service, the Minnesota

of Natural Resources, and The Nature Conservancy own over

i

2j ,2_.4 na within the prairie chicken range (Wolfe, 1977).

Rising

land costs and increasing opposition to land ownership for conservation
purposes will make it difficult for this acreage to be substantially
increased.

Also, land use is intensifying on adjacent private lands

thereby decreasing their value as prairie chicken habitat.

Therefore,

acquired tracts will need to be intensively managed if prairie chickens
are to be maintained at current numbers in the state.
Private land within the prairie chicken range in Minnesota pro
vides for certain seasonal needs depending upon the nature of the land
use and interests of the land owner.

Specific recommendations should

be available for those individuals wishing to enhance habitat conditions
on their lands.
The major goal of this study was to provide information for the
development of grassland management plans with particular emphasis on
nesting and brood-rearing habitat.

The specific objectives were as

follows:
1.

to determine movements and habitat use of prairie chickens
during preincubation, incubation, early brood, late brood,
and postbrood periods;

2.

to evaluate the effect of prescribed burning, grazing, haying,
cultivation, and nondisturbance on habitat use by female prairie
chickens during spring and summer;

3

3.

to determine nesting success and spring and summer mortality
of females and broods in an effort to evaluate the importance
of these factors in limiting reproduction;

4.

to develop general recommendations for grassland management
practices applicable in northwestern Minnesota;

5.

to determine the breeding chronology of prairie chickens in
northwestern Minnesota so as to aid in more accurate spring
censusing by field personnel.

This study was carried out in northwestern Minnesota near the
northern edge of the species’ range.

Intensive field work with radio-

tagged females and nest searching using a cable-chain drag were con
ducted during spring and summer of 1975, 1976, and 1977.
nest data were collected in 1973 and 1978.

Limited

F.

DESCRIPTION OF STUDY AREA

The Kertsonville Study Area is approximately 18,900 ha in size
and is located in northwestern Minnesota, southeast of Crookston (Fig.
1).

Intensive field work was carried out in the center of the study

area on the 582-ha Pembina Trail Preserve owned by The Nature Conser
vancy.

It will hereafter be referred to as the "Preserve".

The study area is situated on shoreline deposits of glacial Lake
Agassiz (Elson, 1967).

A series of beach ridges, generally less than

5 m high and 100 m wide, cross the eastern half and western edge of
the area in a north-south direction.

Elongate, poorly drained lowlands

occur between beach ridges and contain up to 1 m of water in spring.
Elevation ranges from 347 m on the east edge to 282 m on the west where
the undulating complex of beach ridges gives way to the flatter, lake
plain of the Red River Valley.
The predominant soil type on level areas is Foxhome sandy loam
(Nikiforoff et al., 1939).

Within the beachridge complex, Ulen and

Sioux loamy sand occurs on ridges with Tanberg soil in low areas.
Fargo clay occurs along the western edge of the study area on the lake
plain.
Minnesota has a continental climate and is "subject to frequent
outbreaks of continental polar air throughout the year" (Kuehnast,
1972:1)

Occasional periods of prolonged heat occur during summer, as

warm air pushes northward from the Gulf of Mexico and the southwestern

4
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Fig. 1.

Location of the Kertsonville Study Area in Minnesota and the
Pembina Trail Preserve.
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United States (op. cit.).

At Crookston,

the mean annual temperature

is 4.3°C with a spring-summer (April-September) mean of 15.1°C and a
fal.l-winter (October-March) mean of -6.5°C (Soine, 1966).

The average

length of the frost-free period is 124 days with the average date of
the latest spring frost on 19 May.

The mean annual precipitation is

51.3 cm with 76.6% occurring from April to September (op. cit.).
mean of 101.6 cm of snow occurs annually.
tion for most of the year is northwest.
from the southeast.

A

The prevailing wind direc
Summer prevailing winds are

Since the flat terrain offers minimal surface

friction, strong winds are relatively common with a mean annual velo
city of 20.32 km per hour recorded at Fargo, North Dakota, located
about 100 km away in similar topography (N.O.A.A.,

1975).

The study area is in the continental forest-prairie transition
zone where trembling aspen (Populus tremuloides) clones and willow
(Salix spp.) clumps are interspersed throughout tallgrass prairie.
Dominant prairie grasses are big bluestem (Andropogon gerardi) , little
bluestem (Andropogon scoparlus) , indian grass (Sorgastrum nutans) and
switch grass (Panicum virgatum) .

In the absence of disturbance, par

ticularly fire, the prairie subclimax tends to be replaced by forest
vegetation (Ewing, 1924).
Jorgenson (1977) estimated the extent of different habitat types
in the Kertsonville Study Area in 1975 as follows:
grass —

cropland -- 36.5%,

49.5% (mostly heavily grazed), trees and brush —

slough -- 1.5% and miscellaneous —

10.4%,

2.1% (highways, farmsteads).

Jorgenson also obtained quantitative data on the Preserve vegetation
in 1975.

I subjectively classified the habitats on that part of the

study area intensively studied (Fig. 2).

Some habitat types were

modified during the course of the study and these changes are shown in
yearly land use classifications (Appendix 1).
The following habitat types were classified according to charac
teristic plants present.

The percentage occurrence of each type on and

adjacent to the Preserve (Fig. 2) is indicated in parentheses.
1.

Bluestem - (41%) - Areas moderately drained and dominated
by warn season prairie grasses, notably big and little bluestem, indian grass, and switch grass with an intermixing of
prairie forbs.

Scattered willow clumps and small aspen clones

are also present.
2.

Sedge - (4%) - Lowland areas with standing or slowly flowing
water in the spring and af'er heavy summer rains.

Areas are

dominated by graceful sedge (Carex praegracilis) , northern
*
reed grass (Calamagrostis inexpansa) , Baltic rush (Juncus
baltlcus) , and prairie cord grass (Spartina pectinata) .

Willow

is usually present but with less than 25% ground coverage.
3.

Cropland - (15%) - Well-drained areas, spring seeded to wheat,
barley, sunflowers or corn, and generally fall plowed.

4.

Alfalfa - (8%) - Well-drained, level areas dominated by
alfalfa (Hedicago sativa) with considerable bluegrass (Poa spp.).

5.

Brotne - (2%) - Generally, well-drained areas planted to smooth
brome (Bromus inermis) with intermixed alfalfa and bluegrass.

6.

Sweet clover - (6%) - Abandoned cropland located on a droughty
beach ridge and dominated by sweet clover (Melilotus spp.),
quackgrass (Agronyron repens) , some bluegrass and scattered
patches and plants of sage (Artemesia spp.).

8

Bluestem

Sweet Clover

Improved, gravel
road

Sedge

Cropland

Unimproved road

Alfalfa

Bulrush

----

Brome

Willow

«--- *- Railroad

Redtop

Aspen

Fig. 2.

Drainage ditch

Boundary of
Preserve

Habitat Types On and Adjacent to the Pembina Trail Preserve in 1975.

o
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7.

Red top - (1%) - Located primarily in poorly drained portions
of abandoned cropland and dominated by redtop (Agrostis
stolonifera) , quackgrass, and perennial sow thistle (Sonchus
arvensis) .

8.

Bulrush - (2%) - Marsh dominated by bulrush (Scirpus acutus)
and cattail (Typha latifolia) with standing water present
most of the summer.

9.

Li1low - (14%) - Grass and sedge lowlands with greater than
25% cover of brush comprised of willow, bog birch (Betula
pumila) and small aspen (less than 10 cm d.b.n.).

10.

Aspen - (7%) - Forested areas dominated by mostly pole-sized
trembling aspen and generally lacking in understory except
occasional red osier dogwood (Cornus stolonif era) and willow.
Deadfalls are common in older stands.

G.

I,

METHODS AND MATERIALS

Censusing
Booming grounds were censused periodically from 1 April to
30 May 1974-1978, using procedures of Kirsch (1956).

Male counts

vTere taken on all grounds on at least 3 different days.

Up to

26 counts were taken on grounds where trapping occurred during
1975 to 1977.

On °:ood censusing mornings (clear and little wind)

efforts were made to survey each ground in the study area to
avoid counting the same birds twice as a result of inter-ground
movements.
2.

Trapping, banding and radio tagging
4*

Females were cannon-netted on the booming ground.
was located on the east edge of the display ground.

A blind

After netting,

birds were covered with a burlap sack, and taken to the blind for
color banding and radio tagging.

A long-handled dip net was used

for trapping females on nests and roosts.
Two types of radio transmitters and harnesses were used.
Twenty birds had transmitters which emitted a pulsed signal at
150 MHz (Model SMI obtained from AVM Instrument Company, Champaign,
Illinois) .

These units were attached to birds using a harness

design developed by Dumke and Pils (1973).

The transmitter and

battery (Mallory RM640 T2) were connected close together, encased
in dental acrylic and positioned on the bird's back with a flexible
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antenna trailing down the back.

One bird had a 150 MHz, constant-

signal transmitter constructed by Sidney L. Markusen of Esko,
Minnesota.

Harness design was that described by Brander (1968).

Radio package weight was approximately 25 g for the Markusen unit
and 23 g for the AVM unit.
An AVM continuous band,
signal reception.

12-channel receiver was used for

A hand-held yagi antenna was used to locate

birds when exact locations were desired or when wet roads restricted
vehicle access.

Paired antennas utilizing a null-peak system (AVM)

were mounted on a vehicle.

A 12-meter windmill tower was equipped

with paired 3.4-meter antennas to utilize the null-peak system.
Transmitters were also monitored from an airplane.

Ranges for

various antenna systems and transmitters are indicated in Appendix
i

•

Each female was designated by a number corresponding to the
appropriate receiver channel.

Some transmitters were used on more

than 1 bird hence the year was included in the number.

In cases

where the same transmitter was used on 2 birds the same year, an
"a" and "b" designation was added.

For example, 6-0-b-76 was the

second bird instrumented with channel-6, gain setting of 0 in 1976.
3.

Location procedures
Efforts were made to locate each bird twice daily.

In addition,

periodic night locations were made to determine roost sites.
Location was determined by triangulating from 2 or 3 recognizable
points cn aerial photos.

If radio signals could not be picked up

from the vehicle, the tower was used; if there was still no signal, an
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airplane search was carried out.

Each time birds were located, the

time (Central Standard Time), habitat type, land use, and approxi
mate height of vegetation were recorded.

Detailed data on vege

tation characteristics at location sites were not recorded so as
to minimize disturbance of birds and because of the impreciseness
of triangulation.

The precision of triangulation was estimated to

be within 50 m when the mobile unit was 800 m from a bird and
little obstruction from brush was present.

This was determined by

plotting location points taken while females were known to be on
nests.
4.

Nest location
Nests were found by locating radio-tagged females on nests
and through the use of a cable-chain drag (Higgins et al., 1977).
In 1975, the length of the drag used was 34 ra with an effective
dragging swath of 25 m.

In 1976 and 1977, the length of the drag

was 46 m with an effective dragging swath of 35 m.
marked 10 paces north with surveyor flags.

Nests were

Nests were checked at

least every other day to determine hatching success.

A different

route was taken to the nest each time in an effort to avoid making
a trail that might attract predators.
5.

Habitat analysis
a.

general
Habitat types in an 1813-ha (7 sections) area with the Preserve

at the center were determined from a 1974 aerial photograph in con
junction with field checking.

Habitats were subjectively classi

fied according to the dominant vegetation present.

Habitat type

14

boundaries were recognized ac relatively sharp transitions in
vegetation.

Land use was classified each year of the study around

15 May, the approximate peak of nesting.

Land use in some parts

of the Preserve changed from year to year, and both the habitat
type and land use were subject to change on adjacent private land.
Precipitation data were collected on the study area during 1976
and 1 9 7 7 , and other climatic data were obtained from the weather
station at the Northwest Experiment Station, University of Minnesota,
Crookston, Minnesota (Appendix 3).
b.

analysis of nest sites
Plant species composition at nest sites was determined from 40

plots using a 10-point frame (National Academy of Sciences, 1962).
One placing of the frame constituted a plot.

Beginning at the

nest site a plot was located every 2 paces (approximately 2 m) for
a total of 10 on each of the 4 compass lines radiating out from the
nest.

Plant names follow Gleason and Cronquist (1963).
Vegetation density of nest sites was determined with a Robel

density pole (Robel et al., 1970a) using modifications outlined by
Kirsch (1974b).

It was used to measure the height at which 0%,

5 0 7 , and 10071 visual obstruction of the pole occurred when viewed

from a distance of 4 m and a height of 1 m.

The density pole was

marked with alternating red and white bands 1 dm in width.

A 4-m

string was used to connect the density pole to the 1-m sighting pole
to maintain the 4-m sighting distance.

When a nest was discovered

the pole was placed at the north rim of the nest bowl and a visual
obstruction reading taken from each of the 4 compass lines at a
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distance of A m.

Thereafter, the pole was placed 5 tn from the nest

bowl along each compass line and a set of readings taken.
sighting point the litter depth was also recorded.

At each

Thus, a total

of 5 sampling stations with 20 visual obstruction readings and
litter measurements were recorded per nest.
In addition, a brushiness index was determined by counting
the number of brush clumps (mostly willow and aspen) within a 50-m
radius of the nest site.

Distances to the nearest travelway and

the nearest short (less than 10 cm) cover were measured.

The

drainage condition was noted as to well-drained upland, moderately
drained midslope, or poorly drained lowland.
6.

Reproductive periods used in data analysis
Radiotelemetry data were grouped into five major periods
related to the chronology of the reproductive season.
were:

These periods

a) preincubation - from 2 days after attachment of radio to

onset of incubation, b) incubation - from the onset of incubation
to the hatching of a brood or nest destruction, c) early brood from hatching until brood age of 2 weeks, d) late brood - from
brood age of 2 weeks until loss of brood or end of monitoring, and
e) postbrood - after the loss of a brood or nest (if no renesting
attempt occurred) until end of monitoring.

For home range analysis

the preincubation period was further separated Into the prelaying
and laying periods and the brood and postbrood periods into 2 weak
intervals.

The separation was similar for movement analysis except

the brood period was separated into weekly intervals.

lb

Movements and home range determination
Movement indices in meters per hour were calculated from loca
tion data in which at least 6 hours but less than 36 hours had
elapsed between consecutive locations.

Movement per habitat type

was determined when 2 consecutive locations occurred within the
same habitat.

A movement index for incubating females was deter

mined from distances between feeding sites and the nest.

In addi

tion, for broods, the "activity area" diameter (Schiller, 1973)
or "range length" (Harvey and Barbour, 1965) was determined by
weekly intervals.

This is the straight line distance between the

2 locations farthest apart in a reference period.

The sum of dis

tances between consecutive brood locations by weekly intervals was
also calculated and termed "minimum movements."
Home ranges were determined when at least 9 locations per fe
male occurred within a reproductive period.
area" method (Harvey and Barbour,

The "modified minimum

1965) was used with 1 variation.

In this method, if 2 outer locations are a greater distance apart
than one-fourth the range length, they are not directly connected;
instead, the boundary line is drawn from one of these points to
the next outermost point that is no more distant than one-fourth
the range length.

Location points falling in excess of one-fourth

the range length from any other point are excluded from the main
home range but are connected to the nearest point by a straight
line.

(Harvey and Barbour considered these lines to be 1 ft wide

whereas i considered them to be 10 m wide.)

This method has been

used by Haas (1974) for spruce grouse (Canachites canadensis) ,

and by Porter (1977) for wild turkeys (lleleagris gallopavo) and
closely approximates a method used by Weigand (1977) for Hungarian
partridge (Perdix perdix) .

While this method has not been applied

to prairie grouse, 1 believe it more closely delineates the area
actually used than the "minimum area" method (Mohr,

1947) used for

prairie chickens by Robel et a l . (1970b) and Bowman and Robel
(1977), especially for broods.

Broods occasionally make "back and

forth" movements in a small area (less than 16 ha), then make long
undirectional movements (greater than 2 km) and begin intensively
utilizing

a smaller area again.

To connect all the outermost

points according to the Mohr method would grossly overestimate th<
area used in these situations.
Cumulative home ranges were determined to measure the extent
to which birds moved into new areas.

A compensating polar planinv ter

was used to measure the area of home ranges and habitat types.
Habitat use and preference evaluation
Habitat use was evaluated according to the major reproductive
period, habitat type, and land use condition of that habitat.

In

addition, locations were classified according to daily periods
suggested by Pepper (1972).

These were, morning (sunrise to 1030,

C.S.T.), midday (1030 to 1630), evening (i630 to sunset), and night
(sunset to sunrise).

Night locations were taken between one-half

hour after sunset and one-half hour before sunrise to insure that
birds were on roosting sites.
A variety of methods has been used to delineate "available"
habitat in order to evaluate preferential use.

Robel et a l . (1970b)

studying prairie chickens and Maxson (1978) studying ruffed grouse
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(Bonasa umbellus) considered all the area within a defined study
area to be available habitat.

This probably includes some area

to which individual birds have never been exposed and thus may
overestimate available habitat.

At the other extreme. Haas (1974)

considered the home range of spruce grouse (as determined by the
modified minimum area method) to delineate available habitat.
This method is probably biased toward preferred habitat assuming
the animal has experienced the surrounding habitat.

I consider

the methods of determining available habitat in the following
description to be a compromise between the other methods discussed.
Habitat preference was evaluated using a method modified
slightly from Maxson (1978).

The mean percentage of female loca

tions which occurred in a habitat and land use type

was

calculated

along with the mean percentage of that habitat considered available.
Available habitat was calculated separately for each female.

In

this method the use of percentages gives each female equal weighting
although unequal numbers of locations were recorded per bird.

A

measure of habitat preference or avoidance is obtained by subtracting
the

percentage of available habitat from the mean percentage

of locations falling within that habitat and land use type.

A posi

tive value indicates preference and a negative value avoidance.
For example, if the mean percentage of locations during the pre
incubation period of 4 females which were in grazed aspen was 10%
and the mean percentage available was 2%, that habitat and land use
type would have a preference rating of +8.0.

If no locations had

occurred in this type when the same quantity was available, an

avoidance rating of -2.0 would be assigned.

Only females for

which a minimum of 10 locations were recorded during a period were
included.

Habitat considered to be available to females during

the major reproductive periods was determined as follows:
a)

preincubation:

The area contained by a circle having as

its diameter a line connecting the 2 locations of a hen
fartherest apart during this period (Fig. 3A) .

This

corresponds to the "activity area" as used by Schiller
(1973).

In cases of renesting, when the female moved the

new nest site so that the activity areas of consecutive
nests were nonoverlapping, the new nest was considered
a different sample with respect to associated habitat use
and preference evaluation.
b)

early brood:

The area contained by a circle using the

nest site as a locus and a radius equal to the mean of the
maximum straight-line distance that broods of all radiotagged hens had moved away from the nest by a brood age
of 2 weeks.

If a ditch containing 20 cm or more of water

or a strip of trees bisected the circle, it was considered
a barrier to young broods, and only that habitat on the
brood side of the barrier was considered available.

In

cases where the movements of a brood exceeded this radius,
an overlapping circle was drawn similar to the preincuba
tion period with the nest site at one end of the diameter
and the most distant brood location at the other.

Avail

able habitat was then the total area outlined by both
circles (Fig. 3B).
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Preincubation and
postbrood habitat
D= distance between
2 locations far
thest apart in a
reference period
x = hen locations
I = available habitat

3.

Early brood available
habitat
* = mean distance that
9 broods had moved
from nest site by
2 weeks
(x) = nest site
x = brood locations
| = available habitat

Fig. 3.

Habitat Considered Available to Female Prairie Chickens During
the Preincubation and Postbrood Periods (A) and During the
Early Brood Period (B) .
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c)

late brood:

For broods from age 2 weeks to 4 weeks the

same radius was used as for the early brood period.

For

broods older than 4 weeks, a similar circle was drawn using
as a radius the mean distance that 3 radio-tagged brood
hens had moved by a brood age of 4 weeks.

Ditches and

trees were not considered barriers to broods during this
period, and, if all locations did not fall within the re
ference circle, an additional circle was drawn as in the
early brood period.
d)

postbrood:

The area within a circle drawn as for the pre

incubation period.

Habitat preference was not evaluated

for postbrood females which made long-range movements and
shewed little affinity for a particular area.
Nesting habitat preference was evaluated by considering avail
able habitat to be that within a circle having as a radius the mean
distance between nest sites and the closest booming ground or the
booming ground of capture.

This distance was used as a mobility

index for nesting females.

The nest site rather than the booming

ground was used as a circle locus since this circle included most
of the prelaying locations of the hens and was considered to be the
area with which females were familiar.

H.

1.

RESULTS

Summary of trapping and radio tagging
During this study, 1113 locations were recorded for 21 female
prairie chickens which were radio-tagged and monitored during
spring and summer for an average of 57.1 days (Appendix 4).
average number of locations per female was 53.0.

The

Two females were

monitored for 2 consecutive reproductive seasons.

Sixteen females

were cannon-netted on the Pembina booming ground and 5 were nesttrapped between incubation day 11 and 15.

Ten recaptures were made

on roost sites to inspect the condition of birds or to remove the
radio at the end of the monitoring period.
2.

Courtship and breeding chronology
Peaks in female attendance on display grounds occurred 7 to
8 days prior to copulation peaks (Fig. 4).

Specific dates varied

somewhat from year to year following the variation in the mean
April temperature (Appendix 3).

A late spring occurred in 1975,

1976 was near normal, and 1977 was unusually early.

The female

attendance peak for the 3 years was about 12 April and the copula
tion peak 20 April.

After the copulation peak, female visits to

booming grounds gradually declined until few or no females came.
Two to 3 weeks after the copulation peak, female visits and copula
tions resumed but numbers were more sporadic than earlier.

Some

late copulations likely represented renesting activity since well-
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Fig. 4.

Prairie Chicken Attendance and Copulations on the Pembina
Booming Ground (1975-1977).

NUMBER OF COPULATIONS ( a )

MAXIMUM NUMBER OF MALES AND FEMALES

1

developed brood patches were noted on females banded 20 May 1975,
5 May 1976, and 13 May 1976.
In 1975, cannon netting and radio tagging were carried out
near the end of the first copulation peak and probably delayed some
copulations as in 1976 when trapping was conducted during the copu
lation peak (Appendix 4 and Fig. 4).

Thus, the visitation and

copulation pattern observed in 1977, when all trapping occurred
prior to 13 April, represents the best observations as far as minimal
booming ground disturbance.
All of the observations from blinds occurred during the morning
display period except 3 afternoon observations.

Females came to

display grounds in the afternoon but always in smaller numbers
than during the morning of the same day.

On 10 May 1975 a success

ful copulation was observed in the afternoon.
Nesting activities
a.

nesting chronology
Four radio-tagged females, whose nests were located and back

dated, commenced egg laying an average of 3.8 days (range 1-5) after
copulation.

Thus, with a copulation peak of 20 April the average

date of nest initiation for the 3-year period was about 24 April.
The rate of egg laying observed for 5 females was 1.0 egg per day.
Assuming this laying rate, females 8-2-75 and 6-0-75 were present
on the booming ground 3 and 2 days, respectively, after they had
initiated egg laying.

Female 8-2-75 was observed to feed on corn

placed on the booming ground which may have been the stimulus prompting
her return to the booming ground.

On the other hand, 3 eggs in her
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clutch of 15 were infertile and may have been laid before success
ful copulation.

Female 6-0-75 was not observed from a blind and

her behavior on the ground is unknown.

Female 10-0-76 was trapped

on the ground the day before the calculated onset of her egg laying.
It was unlikely that she began laying the day after trapping since
birds typically showed reduced activity for 1-2 days while adjusting
to the transmitter.

Thus, she probably also established a nest

and commenced laying prior to visiting the booming ground.

While

on the ground she fed on corn and acted receptive but was not ob
served to copulate.

Her nest was destroyed by a predator and egg

fertility could not be determined,
b.

nest attentiveness and incubation
Host females visited nests to lay eggs between 0800 and 1400

(Table 1).

Females disturbed during egg laying probably deposited

eggs elsewhere as suggested by the following:

Female 6-0-a-76 was

radio-tagged on the booming ground on 13 May 1976 and had a welldeveloped brood patch, suggesting that she was renesting.

During

cable-chain dragging on 20 May, a single egg and droppings were
found in a roost form 110 m from where she had a nest with 3 eggs
on 23 May.

The 20 May egg and those found 23 May were uniquely

shaped and colored.

Thus,

the single egg may have been dropped by

6-0-a-76 on the roost before establishing the nest or she may have
been disturbed on the nest while attempting to lay an egg.

The

female flushed from the nest upon discovery on 23 May and abandon
ment followed.
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TABLE

1

ON-NEST OBSERVATIONS OF FEMALE PRAIRIE CHICKENS DURING LAYING PERIOD
AND OFF-NEST OBSERVATIONS DURING INCUBATION PERIOD

Time period (C.S.T.)

0600-0700
0701-0800
0801-0900
0901-1000
1001-1100
1101-1200
1201-1300
1301-1400
1401-1500
1501-1600
1601-1700
1701-1800
1801-1900
1901-2000
2001-2100

On nest (laying)

Off nest (feeding
during incubation)

3
2
1
2
1

O
“/
7
5
6
5
5
5
2
1

1
1
2
1
2
2
1

Once incubation commenced, females were on nests constantly
except for brief feeding periods (Table 1).

The average length

of the incubation period was 25.5 days (Table 2).

Nests hatching

in late June and early July tended to hatch about 2 days faster
than those hatching in early June.

The 27-day period of female

6-0-75 may have been abnormally prolonged due to partial clutch
predation and the presence of 2 infertile eggs; consequently,

this

bird was excluded in calculating the mean.
Hatching apparently occurred about 1 day before broods left
the nest.
egg.

A nest was discovered at 1100 on 20 May with 1 pipped

The hen was still present at .1700 on 21 May, but left the

nest the next day.
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TABLE 2
INCUBATION PERIODS AND HATCH DATES FOR 6 PRAIRIE CHICKEN NESTS

Incubation period
(days)

Female

Hatch date

8-3-77

2 June

26

4-1-77

6 June

27

3-1-75

27 June

25

10-0-76

30 June

24

6-0-75

1 July

27a

8-2-76

6 July

24

Mean

Commentsb

2 eggs unhatched
(1 fertile, 1
infertile)

At least 2 eggs
preyed upon, 3
eggs unhatched
(1 fertile, 2
infertile)

25.5

a Excluded from calculation of mean.
b Unless otherwise noted, all eggs in the clutch hatched.

c.

clutch size and fertility
Females initiating clutches early in the year had larger

clutches than those nesting later (Fig. 5).

Some nests classified

as first attempts (Appendix 5) were probably renests following nest
predation.

Unless a female had a well-developed brood patch or a

known nesting history for a given year, it was difficult to deter
mine which attempt a nest represented.

The date of nest initiation

and amount of brood-patchfeathers in the nest provided some evi
dence concerning nest history of unmarked birds.

First nests were

initiated early in the season and generally contained 5 to 10 large
feathers by incubation.

Because of the uncertainty in distinguishing

the sequence of some nests they were grouped by periods for clutch
size evaluation (Table 3).
these calculations.

Only completed clutches were used in

The best estimate for the clutch size of first

nesting attempts was a mean of 14.6 eggs recorded in period I.

A

mean of 12.8 in period III represents the best estimate of the size
of second clutches.

The latest and smallest completed clutch was

observed on 14 July 1973.
shortly thereafter.

It contained 5 eggs and was deserted

Based on embryo development this nest was ini

tiated about 2 July and probably represented a third or possibly a
fourth nesting attempt.
Fertility was determined from nests where complete clutches
occurred and no full or partial nest predation took place.
of 246 eggs, 226 were fertile (91.9%).

Of a total

Infertile eggs occurred in 6

of 19 (31.6%) reference nests with a mean of 3.3 (range 1-6) infer
tile eggs occurring per nest.

No relationship between egg fertility

and nest chronology and characteristics was noted.
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Y = 15.4 - 0.115 X
R = -0.83
P < 0.01

SIZE OF CLUTCH
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i
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July

DATE OF FIRST EGG

Fig. 5.

Prairie Chicken Clutch Sizes as Related to Laying Date of
First Egg.
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TABLE 3

MEAN PRAIRIE CHICKEN CLUTCH SIZE PER PERIOD WHEN FIRST EGG WAS LAID

Probable nesting
attempt included

Period

I (15-30 April)
II (1-15 May)
III (16-31 May)
IV (1-15 June)
V (after 16 June)

d.

Sample
size

Mean ± SE

1st

9

14.6 + 0.43

1st and 2nd

6

13.0

+

0.45

2nd

9

12.8

±

0.43

2nd and 3rd

2

9.0

+

1.98

3rd

1

5.0

nesting success and renesting
A nest was considered successful when at least 1 egg hatched.

Nest failures directly influenced by man (2 c< ~es of researcherinduced abandonment and 3 cases of set fires) were excluded from
the overall success calculation so as to more closely approximate
extent of natural nest losses.
as follows:

Nesting success for the 3 years was

in 1975, 8 of 10 clutches hatched (80%); in 1976, 9

of 14 (64.3%); and in 1977, 3 of 7 (42.9%) for an overall nesting
success of 62.4%.

Striped skunks (Mephitis mephitis) were the most

frequent nest predator, accounting for the loss of 4 nests (Table
4).

Red foxes (Vulpes vulpes) destroyed 3 nests and, in 2 cases,

preyed upon the nesting female.

The female apparently escaped after

capture in the third instance (see account of 6-0-77 in Appendix 10).

J X

TABLE U

CAUSES OF PRAIRIE CHICKEN NEST FAILURE

Number of nests

Factor

A
3
3

Striped skunk (Mephitis mephitis)
Red fox (Vulpes vulpes)
Fire
Hen killed during egg laying
or incubation by raptor
Researcher-influenced abandonment
Raccoon (Procyon lotor)
Franklin's ground squirrel
(Spermophilus franklinii)

2
2
1
1
16

Total

When nests were destroyed, females generally renested (Table
5).

Five of 6 radio-tagged females

nested again.

known to have lost nests,

The hen which did not renest (2-0-b-77) lost her

nest around incubation day 20.

Females losing nests during the

laying period (6-0-a-76 and 10-0-76) or early in incubation (8-2-76,
nest 2) renested promptly and laid eggs in a new nest within 3 or
A days.

Females 8-2-76 (between nests 1 and 2) and 6-0-77 waited

9 and 12 days, respectively, before initiating egg laying in a new
nest.

The first nest

of female

8-2-76 was destroyed around incu

bation day A and that

of 6-0-77

around incubation day 16.

clutch size decreased

by 2 eggs

(13 to 11) from the first

second nest of 8-2-76

but stayed the same from the second to the

third nest.

The
to the

Her second nest was destroyed around incubation day 2.

The clutch size decreased dramatically from 13 to 7 between nests
of 6-0-77.

TABLE 5

PRAIRIE CHICKEN RENESTING DATA (1975-1977)

Feina 1e

Date of nest
destruction or
abandonment

9-1-75
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May

1975

6-0-a-7 6

23

May

1976

10-0-76

22

May

8-2-76

10

8-2-76

29

6-0-77

3

Mean
a

Time interval
between nests
(days)

Distance
between
nests (m)

Completed
clutch size
of consecutive
nests

200

?

1

3

600

?

?

1976

4

1060

9+

May

1976

9

1430

May

1976

4

June 1977

12

unknown, 2nd
nest depredated
before egg count
taken

6.4

Ev idence of fetna 1e
visiting booming
ground between nests

No

No

13

Yes

13

11

Yes

510

11

11

No

5600

13

7

No

7 60a

The extreme value of female 6-0-77 was excluded in calculating this mean.
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It is unknown whether females remated between nesting attempts
but 2 renesting females were recorded on cr very near booming
grounds.

Renescs were an average of 760 m from the previous nest

except female 6-0-77 which was nearly depredated on the nest and
moved 5.6 km to renest,
e.

nest location and characteristics
Thirty-six nests were located during the study period; 22

nests of radio-tagged females and 14 located through the use of a
cable-chain drag (Table 6).
by other personnel;

Three additional nests were reported

1 in 1973 and 2 in 1978.

TABLE 6
PRAIRIE CHICKEN NEST LOCATION THROUGH THE USE OF A CABLE-CHAIN DRAG
...................

——

"

1

^

'
Hectares
searched

Period

Rate
(ha/hr)

Nests
located

28 May— 20 June 1975

445

10.6

4

19-27 May 1976
some area redragged 9-11 June 1976

340

9.8

6

19 May— 3 June 1977

440

9.5

4

Efforts were made to conduct nest searching operations when
females were in tne second week of incubation.

This was late enough

to reduce the incidence of abandonment and early enough so that
hens would readily flush.

Equipment breakdowns delayed dragging,

particularly in 1975, so that this goal was not always accomplished.
No abandonment was attributed to dragging even though 2 nests were
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found during the egg-laying period.

line nest contained a pipped

egg, indicating that sone nests can be found very late in incuba
tion.

Some nests were, no doubt, undiscovered due to females

being off the nest or allowing the drag to pass over without
flushing.

The reluctance to flush around hatching was shown by

1 female which allowed me to check for leg bands without flushing.
Chicks could be heard at the time indicating that some eggs were
hatching.

Another female had to be moved by hand in order to ob

tain an egg count the day before hatching.

Generally the cable-

chain drag rode 15 cm up on vegetation and did not damage nests;
however, 2 eggs were broken in a nest located in sparse vegetation.
One nest of a radio-tagged female was established on an abandoned
ant mound and would have been completely destroyed were it not
discovered prior to dragging the area.
Females did not always copulate on the booming ground closest
to the nest site (Table 7).

For example, 8-3-77 copulated on the

Pembina ground (containing 15 males) 2.5 km from her nest although
another ground with 8 males was located 1.2 km away and between her
nest and the Pembina ground.

At least 4 females captured on the

Pembina ground returned there for copulation.

The remainder of the

radio-tagged females either copulated on another ground _»r on the
Pembina ground when observers were not preser.
female visited another ground but was not obs
The °embina ground was probably the copulatio

WeW>
0 r\0 4 {J \

i u

,

females nesting within a 1.6 km radius (the approximate distance
between the booming ground of capture and the subsequent nest).
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TABLE 7
DISTANCES BETWEEN PRAIRIE CHICKEN NESTS AND BOOMING GROUNDS

Relationship of reference booming
ground to nesting female

Meters
mean ± SE

Number
of nests

Copulation site preceding a nest

1975.0 ± 591.4

4

Capture site preceding a nest

1577.4 ± 154.5

12

Closest ground to nest

1062.9 ± 79.3
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All located nests of females radio-tagged on the Pembina
booming ground were on or within 700 m of the Preserve.

One nest-

trapped female (6-0-77) renested 4.0 km south of the Preserve after
nest predation; otherwise most other nests observed were located
on the Preserve (Fig. 6).

Nests were concentrated on the westerly

portion of the tract with a 106-ha area containing 21 of 38 nests
observed from 1973 to 1978 (55% of the nests occurring on approxi
mately 15% of the Preserve).

Two nests discovered in 1978 and

active concurrently were only 7.9 m apart.

No nests were placed

very close to the Pembina ground even though 16.2 ha of undisturbed
alfalfa and bluegrass were located 400 m to the northeast.

Also,

40 ha of undisturbed prairie and over 100 ha of lightly grazed
prairie were located within 1.0 km to the north and northeast.
Although this area was not searched for nests, it received no use
by radio-tagged birds.

Its location across a well-traveled county

road and railroad tracks may have been a factor in not being used
by radio-tagged females.
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Sixteen of 36 (44.4%) nescs were in blue stern and S (22.2%)
in brome with lesser proportions in other habitat types (Appendix
6).

Most (88.9%) nests were in habitats that were undisturbed for

1 or more growing seasons.

Nests were grouped into those occurring

in native and planted habitats for comparison.

Nest losses due to

researcher-influenced abandonment or female predation while off the
nest were not considered in order to evaluate the effect of nest
characteristics upon nest predation.

Of 15 nests in native habitats,

53.3% hatched whereas 85.7% of the 14 nests in planted habitats
hatched.

Nests in planted versus native habitats were significantly

different (P<0.05, t = 2.15, 27 d.f.) only with respect to the
brush index (Table 8).

When comparing successful and unsuccessful

nests (Table 9) significant differences were noted in the brush
index (P<0.01,

t = 2.84, 27 d.f.) and litter depth (P<0.05,

t =

2.4, 27 d.f.).

These data, although limited, suggest that nest

predation is more likely to occur in habitats with an accumulation
of litter and a greater occurrence of brush.

Presumable

such areas

attracted nest predators and thereby increased the likelihood of
nest discovery.

No significant differences were noted in vegetation

density and canopy coverage between hatched and unhatched nests.
Therefore, nest concealment and impediments to predator travel
appeared to be less important than other factors in accounting for
difference in nest predation.
Big bluestem (Andropogon gerardi) was the most important plant
at nest sites 'in native habitats and smooth brome (Bromus inermis)
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TABLE 8
COMPARISON OF CHARACTERISTICS OF PRAIRIE CHICKEN NESTS IN PLANTED
AND NATIVE HABITATS

Planted habitat
(14)a
mean ± SE

Characteristic

Native habitat
(15)
mean + SE

Visual obstruction
reading (dm) at:

Canopy coverage (%)

100%

2.2 ± 0.2

2.0 4- 0. 1

50%

2.9 ± 0.3

2.5 + 0.1

0%

4.7 ± 0.3

4.4 + 0.5

53.6 ± 10.1

Litter depth (cm)

8.6 ± 1.5

Brush indexc

2.3 ± 1.0

a Sample size.
k Significantly dif ferent, t - test, P < 0.05.
c Number of brush clumps within 50 m of nest.

58.7 + 7.5
9.5 + 0.9
27. 1 + 11. lb
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TABLE 9
COMPARISON OF CHARACTERISTICS BETWEEN SUCCESSFUL AND UNSUCCESSFUL
PRAIRIE CHICKEN NESTS

Successful nests
(20)a
mean ± SE

Characteristic

Unsuccessful nests
(9)
mean ± SE

Visual obstruction
reading (dm) at:
2.2 + 0.2

2.0 + 0.1

50%

2.7 + 0.2

2.6 + 0.2

0%

4.4 + 0.2

4.7 +

51.0 + 8.3

•

Canopy coverage (%)

CO
o

100%

67.8 + 5.9

Litter depth (cm)

7.8 + 1.1

11.9 + 0.7b

Brush index0

4.6

±

2.1

33.6 + 17.3

70.0

±

19.5

51.6 + 15.4

106.4

±

27.3

97.1 + 25.0

15.8

±

3.0

12.4 + 4.0

Distance to travelway (m)
Distance to short cover (m)
Number of days nest
initiated after earliest
nest per year

a Sample size.
Significantly different, t - test, P< 0.05.
c Number of brush clumps within 50 m of nest.

the most important in planted habitats (Table 10) .
plant species was higher in native habitats where 73

The number of
pecies oc

curred at nest sites compared to 55 in planted habitats (Appendices
7 and 8).

TABLE

10

MAJOR PLANT SPECIES PRESENT AT PRAIRIE CHICKEN NESTS IN NATIVE AND
PLANTED HABITATS

Species3

Percentage cover^

Frequency of
occurrence (%)

Native nest sites (21)c
Andropogon gerardi

31.7

95.2

Poa pratensis

16.0

76.2

Carex praegracilis

14.4

66.7

Juncus balticus

11.9

42.8

Salix spp.

11.0

23.8

Andropogon scoparius

7.9

42.8

Agrostis stolonifera

7.5

28.6

Agropyron repens

7.3

33.3

Calamagrostis inexpansa

6.6

57.1

Bromus inermis

6.0

23.8

Bromus inermis

50.2

60.0

Carex tetanica

18.4

33.3

Poa pratensis

16.7

93.3

Agrostis stolonifera

11.0

66.7

Poa compressa

6.5

26.7

Medicago lupulina

6.0

20.0

Carex spp.

5.0

26.7

Planted nest sites (15)

£ Species having > 5 % cover and >20% frequency of occurrence.
Mean percentage for nests where species occurred.
c Number of nests.
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f.

nest site tenacity
Two females were radio-tagged in 2 consecutive seasons and

nested close to their successful nests of the previous year.
After the loss of her first nest in 1976, female 10-0-76 renested
along a roadside 950 m from her first nest site (see account in
Appendix 10).

The renest was successful but radio contact was

lost shortly after hatching.

The female returned again to the

Pembina booming ground in 1977, was captured and reinstrumented
as 8-3-77.

Her 1977 nest was located 4.6 m from her successful

nest of 1976.

Female 6-0-b-76 was trapped on a nest in 1976 (see

account in Appendix 10).

After hatching she was followed through

out the cummer until the transmitter was removed in the fall.
She was trapped on the Pembina ground in 1977 but not radio-tagged
until her nest was later discovered by cable-chain dragging.

Her

1977 nest was located 29.8 m from her successful nest of the pre
ceding year.
4.

3roods
a.

hatching chronology
Hatching dates were determined for nests of radio-tagged birds,

for nests of unmarked females discovered by cable-chain dragging,
and by back dating broods of unmarked females observed in the course
of field work (Fi£. 7).

(Precipitation data, also presented in

Fig. 7, are evaluated under "mortality.")

In general, the timing

of hatching followed the copulation pattern of Fig. 4 by assuming
that hatching occurred approximately 44 days after copulation for
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10.0
7.5
5.0

NUMBER OF NESTS HATCHING

OCCURRENCE OF PRECIPITATION (cm)

2.5

May
Fig. 7.

June

July

Chronology of Prairie Chicken Hatching (•--- •) and Occurrence
of Precipitation (A— A) on the Pembina Trail Preserve (1975-77).
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first nests.
tions:

The 44-day period is based on the following assump

that a 4-day interval follows copulation, that 15 days are

required to lay the first clutch of about 15 eggs (Table 3) at a
rate of 1 per day and that the incubation period is 26 days with
incubation day 1 the day of clutch completion (Table 2).

Two peaks

of hatching were noted in 1975 (Fig. 7) but the relationship to
copulation was not clear due to few observations made during the
probable copulation peak (Fig. 4).

In 1976, hatching was spread

over a longer period of time as was copulation; neither had dis
tinct peaks.

Distinct peaks in copulations and hatching were

illustrated by the 1977 data when most nests hatched the first week
of June,
b.

mortality
Eleven radio-tagged females hatched 116 chicks during the

study period.

Of these, only 2 chicks in the brood of 3-1-75 were

in.own to be alive at the end of the monitoring period in late
August (Table 11).

The average length of time that radio-tagged

females had broods was 23.9 days, excluding 6-0-75 and 10-0-76
which were net considered due to transmitter-influenced mortality
and loss of radio signal, respectively.
It was generally difficult to locate broods in dense cover
to confirm their existence or estimate numbers, particularly broods
less than 3 weeks of age.

Periodic, direct locations were possibly

a contributing factor to mortality, especially when females were
actually flushed.

In an effort to minimize this disturbance and
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TABLE 11
LONGEVITY AND MORTALITY FACTORS OF RADIO-TAGGED PRAIRIE CHICKEN BROODS

Number
of
chicks

Estimated
longevity
(days)

10

31

harness entanglement of brood
female, extensive early move
ments through undisturbed cover,
5.0 cm precipitation during
first 4 posthatching days.

17

extensive early movements
through areas with 10-20 cm
of standing water.

Female

Hatching
date

8-2-75

22 June 1975

10-0-75

2 July 1975

5

3-1-75

28 June 1975

15

5 l+a

5.2 cm precipitation during
first 3 posthatching days,
extensive early movements.

6-0-75

1 July 1975

5

3b

brood female died soon after
hatching

10-0-76

1 July 1976

13

?b

unknown due to loss of radio
contact after 3 days.

6-0-b-75

26 June 1976

14

21

extensive early movements through
undisturbed habitat containing
10-20 cm of standing water.

9-l-b-76

8 June 1976

10

10

extensive early movements, 7.5 cm
of precipitation following hatching
depredated on roost by fox.

8-2-76

7 July 1976

11

28

extensive early movements, 3.8 cm
of precipitation 3 days following
hatching, researcher disturbance.

8-3-77

3 June 1977

13

22

extensive early movements and
twice crossed a ditch with 10
cm of running water.

8-1—b—77

16 June 1977

7

25

unknown.

4-1-77

7 June 1977

13

9

Mean
C± SE)

10.5
(1,06)

Possible or observed mortality
factors

suspected predation.

23.9
(*•3)
a Minimum value as 2 chicks were with the female at the end of the
k monitoring period.
Not used in calculation of mean longevity.

still obtain an indication of female and brood status, night
roost sites were located in the following manner:

The roosting

brood would be approached within 30 to 50 m and 2 direction lines
(as determined by hand-held vagi and receiver) were marked by flags.
A search was made early the next morning, or as soon as the brood
left the area, using the intersection of the 2 lines as a reference.
In 5 of 7 attempts the roost site was located and usually within
5 m of the intersection of the reference lines.

Due to trampling

of the droppings, it was difficult to estimate brood numbers, but
size of the droppings was used to confirm the existence of a brood.
This procedure was discontinued after 7 occasions due to uncer
tainties as to the disturbance involved and possible predator
attraction.

Because of low numbers of radio-tagged broods I wanted

to minimize activities that might jeopardize brood survival.
Documenting instances of brood mortality was even more diffi
cult than determining the presence of a brood.

However, a 10-day

old brood of at least 5 chicks was killed by a fox on the roost
site (see account of 9-l-b-76 in Appendix 10).

A 30-day old chick

of female 3-1-75 was killed while feeding in a mowed alfalfa field
by a female harrier (Circus cyaneus) .
No relationship between brood longevity and the date of hatching
was apparent (Table 11).

Since young galliform chicks are consi

dered to be adversely affected by wetting and associated chilling,
hatching dates were examined relative to precipitation (Fig. 7).
Six of 9 radio-tagged females hatched during periods of heavy pre
cipitation (Table 11), which, coupled with extensive movements
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(data presented

Ln "Movements" and "Home range" sections) probably

contributed to mortality.

The occurrence of precipitation during

the early brood period in association with the nature of the habitat
were probably important variables in determining the extent of chick
mortality.

Female 9-i-b-76 had no less than 5 chicks 10 days after

hatching even though 7.5 cm of precipitation had occurred in that
period.
old.

However, most of this occurred after the brood was 5 days

In addition, habitat use consisted mainly of a well-drained

ridge with sparse cover interspersed with shrubby lowlands.

This

habitat combination provided protection during storms and "drying
off" areas following rainfall.
The area surrounding nest sites of some radio-tagged females
was interlaced with shallow swales which contained 10-20 cm of
water for up to 2 weeks following rains.

Brood females were known

to cress these areas with chicks less than 1-week old.

Although

no drowned chicks were ever found, wetting of chicks surely occurred
and some members of young broods may have gotten separated and sub
sequently perished.
Observations of unmarked broods provided a comparison of their
survival with that of a radio-tagged brood (Table 12).

The 13.3%

survival (the highest of any radio-tagged brood) of the brood of
3-1-75 i’
.i August was considerably less than average survival rates
of unmarked broods in any year.

Small broods may not have been as

easily detected as larger broods thus biasing survival estimates
of unmarked broods upwards.

Only broods observed with females and

under conditions where it was felt that the entire group would have

TABLE 12

SURVIVAL OF PRAIRIE CHICKEN BROODS FROM HATCHING THROUGH AUGUST

Nuraber
hatched

Brood of female 3-1-75
Brood size
Survival

Age group
2 to 6
Older than
weeks
6 weeks

26.7

2
13.3

15

%

Unmarked brood observations
1975
x Brood size
% Survival

10.9a

6.5 (2)b
59.6

5.5 (2)
50.5

1976
x Brood size
% Survival

10.9

4.3 (4)
39.4

6.0 (2)
55.0

1977
x Brood size
% Survival

10.9

7.0 (5)
64.2

4.5 (2)
41.3

1975-77
x Brood size
% Survival

10.9

5.9 (11)
54.1

5.3 (6)
48.6

a Mean number of chicks hatched in all nests observed
(Appendix 6) .
b Number in parenthesis is sample size.

flushed (such as in short cover or in mowing operations) were used.
The proportion of unmarked brood females completely losing broods
by the end of August is unknown, thus the overall survival rate of
48.6% for broods older than 6 weeks would likely be a maximum.
Three observations of single chicks between 3 and 5 weeks of
age were made.

No brood female or other brood members could be located

and it was assumed that they had become separated from their brood.
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c.

defensive and decoy behavior of brood females
A variety of behaviors was observed in brood females.

These

tended to vary with brood age and ranged from a female hissing and
pecking the researcher during hatching to little concern shown to
wards the brood after age 5 to 6 weeks.

Females with broods less

than 2-weeks old generally circled the researcher clucking, crown
feathers erect and neck stretched, and occasionally made short
flights 1-2 m high if the cover was dense.

This response was in

tensified if a chick gave the distress call after being caught.
I could easily imitate this call and used it to coax radio-tagged
females closer so that the transmitter and harness could be in
spected for any problems in attachment.

Not all brood females with

young chicks responded in this manner, however.

Female 8-2-75 flew

200 m and showed no decoy behavior when her brood was 4 days old.
Until a chick was located, it was assumed that brood loss had
occurred.

Females were occasionally observed to sneak 20-30 m from

the hiding place of the brood and then flush and exhibit decoy be
havior.

Some females continued to respond to the imitated chick

distress call until a chick age of at least 5 weeks and this was used
to determine broodiness of unmarked birds.

One female responded with

decoy flights and clucking which apparently caused her brood of age
4-5 weeks to flush.

Three females responded though I could not lo

cate a brood.
Female 3-1-75 pursued a harrier that had killed her 30-day old
chick as it started to fly with the chick.

The radio signal during the

attack suggested that female and harrier actually made contact.
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d.

responses of young chicks to researcher
When encountered, chicks less than 1-week old usually crouched

motionless and were silent while the brood female circled about,
clucking.

A variation from this behavior was a 1-week oldbrood of

at least 3 chicks which began peeping and running, 10 minutes
after the hen flushed and was not seen again.

This suggested that

female vocalizations were necessary for chicks to remain motion
less.

Broods older than 4 weeks generally all flushed with the

female and flew in random directions.
5.

Female weights, ages and mortality factors
a.

weights and age
A total of 23 females (15 adults, 8 immatures) were trapped

on a booming ground or nests during the study (Table 13).

Mean

booming ground weights of 10 adults were 929.5 g and 900.6 g for
6 immatures.

These were not significantly different (P>0.05,

t = 1.18, d.f. = 14) and were combined in calculating a mean of
918.7 g for both age groups.

The 1977 spring weights of 2 females

radio-tagged in 1976 (8-3-77) and 8— 1—b— 77) were notably less
(x = 810.5 g) than that of any other females and were not used xn
calculating the preceding weight data.
cantly less (P< 0.05, t = 2.27,

Their weight was signifi

d.f. = 16) than females not having

a history of radio tagging the previous year.

This suggested that

radio tagging had a detrimental effect on postbreeding weight gain.
Substantial weight loss did not occur in 2 females during
egg laying.

Female 8-2-76 lost 10.0 g (1%) in 47 days after being

AGE AND WEIGHTS OF FEMALE PRAIRIE CHICKENS AT THE TIME OF INITIAL CAPTURE, AT VARIOUS TIMES DURING THE MONI
TORED PERIOD AND WHEN RECAPTURED FOR RADIO REMOVAL

Weights (g) per tra pping conditions (date)
During
End of
During egg laying
incubation3
monitoring

Summer weight
change (%)!

Female

Age

Booming ground

9-1-75

ad.

917.7
(4 May 75)

6-0-75

imm.

899.8
(18 May 75)

3-1-75

ad.

949.0
(18 May 75)

786.5
(18 August 75)

-17.1

10-0-75

ad.

937.5
(20 May 75)

785.0
(7 August 75)

-16.3

8-2-75

imm.

965.5
(20 May 75)

9-l-a-76

ad.

915.0
(18 April 76)

4-2-76

imm.

872.0
(18 April 76)

8-2-76

ad.

999.0
(18 April 76)

805.0
(2 Sept. 76)

-19.4

12-2-76

ad.

1000.0
(22 April 76)

989.0
( v June 76)

TABLE

13 - Continued

Female

Age

Booming ground

Weights (g) per trapping conditions (date)_________ __
During
End of
Summer weight.
During egg laying
incubation3
monitoring
change (%)

10-0-76

imra.

912.0
(5 May 76)

905.0
(4 June 76)

6-0-a-76

ad.

963.0
(13 May 76)

9-l-b-76

ad.

813.0
(1 J une 76)

6-0-b-76

ad.

842.0
(16 June 76)

2-0-a-77

imm.

902.0
(11 April 77)

8-2-77

imm.

832.0
(12 April 77)

8-l-a-77

ad.

852.0
(12 April 77)

4-1-77

ad.

902.0
(12 April 77)

836.0
(14 August 77)

-7.3

8-3-77
(10-0-76)

ad.

817.0
(13 April 77)

815.0
(20 August 77)

-0.2

2-0-b-77

ad.

827.0
(22 May 77)

782.0
(2 Sept. 76)

-16.0
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6-0-77

imm.

ad.

804.0
(13 April 77)

unradioed
female

ad.

860.0
(12 April 77)

unradioed
female

imm.

•

Age

r-'
I
jo
l
H
I
00

Booming ground

Female

(6-0-b-76)

Mean (± SE)
a
b

c

Weights (g) per trapping conditions (date)
During
End of
During egg laying
incubation3
monitoring
852.0
(26 May 77)

Summer weight
change (%)

836.0
(14 August 77)

-11.3

811.0
(20 August 77)

+0.9

819.0
(15 June 1978)

918.7(±11.9)c

830.6(±7.2)

805.1(±10.3)c

-14.6(±1

Females trapped on nest between incubation day 11 and 15.
Summer weight change based on measured or estimated spring booming ground weight assuming a 9.6%
weight loss from booming ground trapping to incubation day 14.
Females 8-3-77 and 8— 1—b—77 omitted due to being radio tagged in 1976.
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trapped cn the booming ground and laying at least 24 eggs in 2
nests.

Female 10-0-76 lost 7.0 g (< 1%) in 30 days after trapping

and laying at least 22 eggs in 2 nests.
prior co the onset of incubaticn.

Both females were weighed

Females nest— trapped between

incubation day 11 and 15 weighed an average of 330.6 g which was
significantly less (P<0.01,

t = 4.0j d.f, = 19) than the 918.7 g

mean weight of females on booming grounds.

This represented an

approximate 9.6% weight loss from booming ground weights to thos3
at incubation day 14 and was used to estimate spring weights fo?
nest-trapped females so that summer weight changes could be cal •
culated.

Females without a history of radio tagging experienced

an average spring to late summer weight change of -14.6%.

Inter

estingly, females 8-3-77 and 8-l-b-77 (both previously radiotagged) experienced weight changes of only -0.2% and +0.9%, refpectively, for the same period,
b.

longevity
Of 21 females radio-tagged during spring or early summer, 9

were alive at the end of summer, an estimated survival rate of
42.5% from May 1 through August (Table 14).

This converts to a

summer mortality rate of 14.2% per month or an annual mortality
rate of 170.0% if the mortality rate was constant per month.

E\i~

dence that summer mortality was disproportionately greater was
uhat 4 of 5 radio-tagged females alive at the end of the summer
were observed the following spring for a fall-spring survival rat'
of 75%.

The summer survival rate of 42.5% is probably lower than

normal due to the presence of radio-transmitters which, in 2 cases

TABLE 14

SURVIVAL RATES OF R A D I O TAGGED FEMALE PRAIRIE CHICKENS

Number of
females
radio-tagged

Year

Minimum number
alive at end
of summer

Summer
survival
rate (%)

Number ob
served the
following
spring

Fall to
spring
survival
(%)

1975

5

2

40.0

1

50

1976

8

3

37.5

3

100

1977

8

4

50.0

No data
collected

42.5

Mean

75.0

(6-0-75 and 8-2-75), were known to disadvantage females and pos
sibly increased the likelihood of predation in others.

The 75%

fall-spring survival estimate may be high relative to the popu
lation since 4 of the 5 spring survivors were initially marked
as adults.

Although differences were not significant ( P > 0.05,

t = 1.0, d.f. = 19), the mean length of time that adults were
monitored was 63.4 days compared to 44.6 for immatures.

Thus,

the longevity of adults may be greater than that of immatures.
c.

predation
Ten radio-tagged females were lost to predators.

Three were

taken by mammals, presumably fox, before nests were located.

One

female was killed during egg laying by a great horned owl (Bubo
virginianus) and another while off the nest feeding during incu
bation by an unknown raptor.

Two females were killed on nests

during incubation.

One carcass was located near a fox den 2.0 km

from the nest and, although the female was never located, sign
around the other nest also suggested fox predation.

One female

was depredated on a roost site with 10-day old chicks.

Her re

mains and the chewed transmitter were recovered from a fox den
1.0 km from the predation site.

I believe that the brood of 4-1-77

was also preyed upon due to a long sporadic movement made after
brood loss.

Two females were depredated during the postbrood

period; one by a mammal and the other by a raptor.

Raptor kills

were found 0, 30, and 50 m from trees taller than 8 m which may
have served as ambush sites.

Nine of the 10 instances of predation

occurred within 43 days after radio tagging.

This may suggest

that females had not adjusted well to the transmitter and, due to
excessive preening or some other factor related to the presence
of the transmitter, were more susceptible to predators.

However,

1 believe that at least 3 cases (2 females on nests and 1 with a
roosting brood) of predation were not related to radio tagging.
Quantitative estimates of fox populations were not made in
the study area but at least 2 dens (possibly the same family) were
known to be active each year.
km of the Preserve.

These were either on or within 1.6

Fourteen incidental fox sightings were mide

during the 1976 study period and 3 foxes were seen from a car on
2 January 1977 in 2 hours of driving in the vicinity of the Preserve.
These observations, together with the fact that foxes were protected
from trapping on adjoining cattle ranches to the north and east of
the Preserve, suggested that the fox population was moderately high
in the area.

6.

Movements
Movements tended to be greatest early in the season during the

period when females were visiting booming grounds and establishing
nests (Table 15).

All radio-tagged females restricted their pre

laying movements to the vicinity of the Preserve except 2 immature
birds (2-0-a-77 and 8-2-77) which moved steadily away from the Preserve
after tagging.

Female 8-2-77 was last located 8 days after tagging,

5.5 Van from the booming ground of capture.

Radio contact was lost

with 2-0-a-77, 6 days after tagging when she was 2.8 km from the booming
ground of capture.

Her remains were later recovered from a fox den

4.7 km from the booming ground.
Movements decreased once egg laying commenced and were later
restricted to feeding locations during incubation, which were a mean
of 396.2 m (± SE 96.1) from the nest.

Distances to feeding locations

did rot vary according to the stage of incubation, but the number of
observations was low (18) and feeding near the nest may have been un
detected due to limitations in telemetry accuracy.
Young broods had somewhat greater movement indices (Table 15),
activity areas and minimum movements (Table 16) than older broods
although differences were not significant (P> 0.05).

The fact that

young '-hicks are smaller than older chicks and likely encountered
more difficulty in moving through ground cover yet traveled comparable
distances is noteworthy.

'The largest "minimum movements" for a weekly

period (4075 m) and one of the largest "activity areas" (1520 m) re
corded were for 1-week old broods.

Standard errors for movement indices

(Table 15) during brood periods were smaller than most other periods
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TABLE 15
SPRING AND SUMMER MOVEMENT INDICES OF FEMALE PRAIRIE CHICKENS BY
REPRODUCTIVE PERIOD

Period

Movement index3
mean ± SE

Prelaying

43.7 ± 3.9 a

73

Laying

28.8 ± 3.9 ab

143

Week 1

21.7 ± 2.7 ab

96

Week 2

19.1 ± 2.7 ab

77

Week 3

14.8 ± 2.3 b

51

Week 4

11.5 ± 2.4 b

23

Weeks 1 and 2

17.1 ± 2.1 ab

80

Weeks 3 and 4

20.8 ± 3 . 7 ab

50

Weeks 5 and 6

19.7 ± 5.0 ab

19

Sample size

Brood:

Postbrood:

a Expressed as meters per hour.
b Means followed by the same lower case letter are not signi
ficantly different at the 5% level by Scheffe’s s-test
(Scheffe, 1953).
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TABLE 16
DIAMETER (m) OF ACTIVITY AREAS AND MINIMUM MOVEMENTS WITHIN THAT AREA
FOR PRAIRIE CHICKEN BROODS PER WEEK OF AGE

Activity area
mean
SEa
(range)

Minimum movements
mean ± SEa
(range)

1

923.7 ± 108.5
(500-1520)

1950.6 ± 291.4
(920-4075)

9

2

733.6 t 160.4
(410-1752)

1930.6 ± 147.4
(1120-2375)

8

3

587.3 ± 135.7
(320-1246)

1685.0 ± 204.7
(1265-2410)

6

4

400.7 + 138.4
(168-647)

1341.7 ± 78.5
(1185-1430)

3

5

883

2225

1

6

392

1070

1

7

1558

2635

1

Age
(in weeks)

t

Sample
size

a Differences not significant at the 5% level using Scheffe 's
s-test.

suggesting that extensive movements were relatively consistent among
brood females.

Young brood (1-14 days old) movements were evaluated

to determine the effect of habitat and/or land use (Table 17).

Move-

ment differences between habitat types were not significant (P>0.05)
but were generally less in disturbed habitats.
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TABLE 17

MOVEMENT INDICES OF 1 TO 14-DAY OLD PRAIRIE CHICKEN BROODS PER
HABITAT AND LAND USE TYPE

11

34.8 ± 9.7

Bluestem

Ud

6

Sweet clover

Ud

28.7 ± 13.4

5

21.9 ± 13.3

7

Cropland

1+

Bu

CO

Brome

oo

Land use3

Sample
size

CO
O

Habitat type

V} c*
Movement index ’
mean ± SE

Willow

Bu

19.3 ± 7.8

8

Brome

Ud

16.8 ± 4.1

6

Alfalfa

Ud

16.3 ± 9.0

4

Alfalfa

Ha

14.3 ± 1.1

10

Bluestem

Bu

12.5 ± 2.4

17

Bluestem

Gr

6.8 ± 1.8

13

a Bu = burned, Ud = undisturbed for 1 or more years, Ha = hayed,
Gr = grazed.
k Movement index expressed as meters per hour.
C Differences not significant at the 5% level by Scheffe’s s-test.

Female 6-0-77 made a movement of 6.4 km after being nearly de
predated on a nest.

She was located at night in the new area and

trapped on an assumed roost site but, in fact, a second nest.

After

trapping, she immediately left the area and 52 days later was located
12.3 km from the second nest site.

At least for 6-0-77, "predator

encounters” stimulated large movements.

The only other documented,
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large movement occurred when 4-1-77 lost her brood.

She moved 2.7 km

in no more than 2 days after brood loss and in 6 days had moved 6.0
km away from the brooding area.

She then began moving back towards

the brooding area and was eventually located very close to the last
brood location.

Sixty-nine days after brood loss she was trapped on

a roost 4.8 km away from the brooding area but in a different direction
from the previous long movement.

No other female made a comparable

movement after brood loss and consequently, postbrood movement data
of 4-1-77 was not used in determination of means.

A predator encounter

may have accounted for the loss of the brood and the ensuing long
movement.
Movements of broodless females were not significantly different
from hens with broods (Table 15).

Furthermore, movements of brood

less hens did not appear to change with time following brood loss.
7.

Home range
Modified minimum home ranges were determined for reproductive

periods when at least 9 locations (mean = 15.7 ± SE 0.7) per female
were recorded.

Although home range data are based on low numbers of

locations per female, and few females, some trends seem apparent.
Home ranges were largest during the prelaying period, progressively
decreased during the brood period and tended to increase slightly
during the postbrood period (T'ble 18) .

The cumulative home range for

two females (8-2-76 and 8-3-77) monitored from prelaying into the post
brood period was 163.1 and 104.4 ha, respectively.

Both females lost

broods during the third week and were considered typical with respect
to size of home range utilized.

Female 4-1-77 was also monitored from
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TABLE

18

HOME RANGES (ha) OF FEMALE PRAIRIE CHICKENS DURING PRELAYING,
LAYING,BROOD, AND POSTBROOD PERIODS

SEa

Sample :

Period

Mean

Prelaying

82 0

Laying

31.4

±

5.8 b

11

0-2 Weeks

18.3

±

3.9 b

9

2-4 Weeks

10.9 + 1.9 b

3

4-6 Weeks

9.7

1

0-2 Weeks

31.5 + 11.9 b

5

2-4 Weeks

14.2 + 6.4 b

5

4-6 Weeks

20.0

2

±

.6 a

5

Brood:

Postbrood:

0.6 b

a Means followed by the same lower case letter are not signi
ficantly different at the 5% level using Scheffe’s s-test.

prelaying to the postbrood period and lost her brood during the second
week.

Her postbrood home range during the first 2 weeks was 347.2 ha,

markedly greater than the 3x.5 ha mean of 5 other hens for the same
period, and was not used in calculating the mean.

After the second

week following bi ~>od loss, A-1-77 moved into a ranch where access was
limited and location data were not collected until the female was
trapped at the end of the summer for radio removal.

Her cumulative

home range was 503 ha through the second postbrood week, 3 times as

large as any other female.

The cumulative home range for the only

female (3-1-75) followed for a full season and having chicks at the
end of the summer was 82.6 ha.
A general measure of the extent to which females moved into new
areas relative to the preceding period is indicated in Table 19.
Most of the laying period home range was included within the prelaying
home range.

To a lesser extent brood home ranges during the first 2

weeks were included within the laying home range.
to move into new areas more than young broods.

Older broods tended

Once females lost

broods they generally remained within the home range of the preceding
brood period, at least for the first 2 weeks.

Later in the postbrood

period females began to move more and into new areas as they joined
other birds in loose flocks.

Females 6-0-b-76, 8-3-77, 4-1-77, and

6-0-77 were all in the company of other prairie grouse when trapped
on roosts in late August or early September.
Overlap in laying home ranges of renesting females per nesting
attempt was less than 5% in all 4 cases where sufficient locations
(>9 ) were recorded for home range estimation.

No difference was

observed in home range size per nesting attempt.
Certain home range comparisons were made for females 8-3-77 and
6-0-77, which were monitored for 2 consecutive years.

The 1977 laying

home range of 8-3-77 included 82.5% of her 1976 laying home range.
Initially, brood ranges were identical but radio contact was lost in
1976 and complete brood data were not obtained.

All of the 1977 brood

home range of 6-0-77 and 97.3% of the postbrood home range was contained
within her postbrood home range of 1976.
years of 6-0-77 were non-overlapping.

Brood home ranges for the 2

TABLE 19

PERCENTAGE OF HOME RANGE PER PERIOD WHICH WAS NOT INCLUDED
IN THE HOME RANGE OF THE PRECEDING PERIOD

Period

Mean + SE

Laying3

37.0 + 14.4

3

0-2 Weeks

64.9 + 7.9

4

2-4 Weeks

79.5 + 16.9

3

4-6 Weeks

91.8

1

0-2 Weeks

47.4 + 22.9

4

2-4 Weeks

71.0

5

4-6 Weeks

82.3 + 7.5

Sample size

Brood:

Postbrood:

31.8

±

2

Preceded by prelaying period.

8.

Habitat use and preference
The primary consideration in selecting the Preserve for intensive

study was that a variety of habitat types and land uses occurred with
in a relatively small area (10.24 km^).

Efforts were made to diversify

land uses on the Preserve by coordinating haying leases and conducting
prescribed burning.

Thus, by providing a broad spectrum of habitat

conditions to females, their preference during each reproductive period
was evaluated.
a.

preincubation
Although more locations

(

2

9

.

^ Z )

occurred in bluestem habitat

than any other, the preference rating suggested that it was used

in relation to its availability or avoided depending upon land
use (Table 20).

However, undisturbed bluestem did account for

29.2% of all roost locations during this period.

While cropland

did not rate as preferred (-3.6), 12.2% of the total locations
occurred in it.

Also, it was the most consistently used habitat

with 10 of 17 radio-tagged females using it at least once.
Habitats with high preference ratings and used by more than
5 females were as follows:

grazed aspen stands (+11.5), hayed

alfalfa (+9.1), and roadsides (+5.8).

All locations in grazed

aspen occurred at midday while hayed alfalfa and roadside locations
occurred about equally in the 3 diurnal periods.

Sedge habitat

accounted for 15 of 24 (62.5%) roost locations, but it was not
highly rated as to preference due to its extent.
b.

feeding sites during incubation
Although off-nest locations during incubation were within

the area used during the preincubation period, a more narrow range
of habitats was used.

All but 1 of the 18 locations were in re

cently disturbed habitats suggesting a strong preference (Table
21).

Some feeding in the immediate vicinity of the nest may have

occurred but it was not documented.
c.

nesting site selection
Habitat use and preference were evaluated for 36 nests located

during 1975, 1976, and 1977.

Nests were located a mean of 1290 m

(± SE 97.2) from the booming ground of capture or the closest
ground in cases of nest-trapped females.

This distance was used

as a reference radium to delineate available habitat around the
nest for preference evaluation.

TABLE 20
PREINCUBATION HABITAT USE FROM 2 DAYS FOLLOWING RADIO ATTACHMENT
TO ONSET OF INCUBATION OR END OF MONITORING PERIOD

Habitat type
Bluestem

Land use3
Ud
Bu
Gr
Ha

Cropland

Percent locations per time
period per habitat .and land
use type"
M ( 102) MD(53)
E(42) N(24)

Weighted mean percent
of 221 locations per
habitat and land use
type

Preference
rat ingc

21.6
2.^
6.9

13.2
3.8
9.4

16.7
2.4
7.1

0.0

0. 0

0.0

0. 0
0. 0
0.0

11.8

5.7

28.6

0.0

12.2

-3.6 (13)
-1.6 (6)
+9.1 (7)

29.2

19.5
2.7
6.8
0. 0

-1. 1
-2.3
-9.7
-5.3

(12)
(6)
(8)
(3)

Alfalfa

Ud
Ha

3.9
13.7

1.9
11.3

2.4
11.9

0. 0
0.0

2.7
11.3

Sedge

Ud
Bu
Gr

4.9

0.0

0.0

1.0
1.0

3.8

7.1

0.0

0.0

16.7
29.2
16.7

4.1
5.9
2.3

-2. 7 (11)
+5.6 (4)
+0.3 (6)

0.0

0.0
0.0
0.0

1.8
1.4
6.8

+2.3 (10)
+3.6 (3)
+ 11.5 (6)

7. 1
2.4

8.3
0.0

7.2
1.8

-4.6 (7)
+11.2 (2)

4.8

Aspen

Brome

Willow

Ud
Bu
Gr

0.0

5.9

3.8
3.8
17.0

Ud
Ua

A.9
'>.0

11.3
1.9

Ud
Bu
Gr

7.8
1.0
2.0

3.8
1.9
1.9

0.0
0.0

0.0
0.0
0.0

5.4
0.9
1.4

-2.7 ( ID
-9.2 (3)
+ 1.9 (4)

3.9

5.7

7.1

0.0

4.5

+5.8 (9)

Roadside

2.0

2.4
0.0

Redtop

Ud

0.0

0.0

0.0

0.0

0.0

-3.4 ( 1 -

Sweet clover

Ud

2.9

0.0

0.0

0.0

1.4

+5.2 u )

3 Ud = undisturbed for 1 or more growing seasons, Bu = burned either the current spring or the
preceding fall, Gr = grazed, Ha = hayed.
b Morning (M) - sunrise-1030 (C.S.T.), Midday (MD) - 1030-1630, Evening (E) » 1630-sunset , Night (N)
sunset to sunrise. Number of locations per period indicated in parentheses.
c Positive values indicate preference and negative values avoidance.. Number of females having a
given habitat and 1
»•=*»
4 ..,i;
in parentheses.

O'
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TABLE 21

HABITATS USFP TOR FEEDING BY FEMALE PRAIRIE CHICKENS DURING
THE INCUBATION PERIOD

Habitat

Land use2

Female

Date

3-1-75

7 June 75

Cropland

3-1-75

20 June 75

Cropland

10-0-75

10 June 75

Bluestem

Gr

10-0-75

12 June 75

Bluestem

Gr

10-0-75

1A June 75

Bluestem

Gr

10-0-75

23 June 75

Bluestem

Gr

8-2-75

7 June 75

Cropland

6-0-75

7 June 75

Alfalfa

6-0-75

20 June 75

Cropland

8-2-76

25 June 76

Bluestem

Bu

8-2-76

1 July 76

Bluestem

Bu

6-0-b-76

20 June 76

Roadside

12-2-76

1A May 76

Sedge

Ud

8 - l-b-77

2A May 77

Bluestem

Bu

6-0-77

31 May 77

Bluestem

Bu

6-0-77

1 June 77

Cropland

6-0-77

3 June 77

Cropland

2-0-b-77

2A May 77

Bluestem

Ha

Bu

Ud = undisturbed for 1 or more growing seasons, Bu = burned
either the current spring or the preceding fall, Gr = grazed,
Ha = hayed.
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Brome and red Lop were preferred for nesting while aspen and
cropland were avoided (Table 22).

Other habitat types were es

sentially used relative to their availability except roadside
which was used in 2 subsequent years by the same female.

Charac

teristics of nests in brome and redtop were compared with all
other nests in an effort to determine what characteristics nesting
females were selecting for (Table 23).

Both redtop and brome had

stems bearing leaves for 25-30 cm of their height which persisted
after frost.

This resulted in nesting cover that was as much

vertically oriented as horizontally and accounted for brome nest
sites having a significantly (P<^0.01) higher 100% visual obstruc
tion reading (2.7 dm) than other nests (1.8 dm).

Most other

grasses had leaves which arose near the base of the plant and
tended to become flattened by winter snows.

Litter (horizontally-

oriented residual vegetation near the ground) was apparently not
important in nest site selection although brome nests did have
the greatest mean litter depth (9.6 qm) of any nest category.
Two successful prairie chicken renests were established in recently
burned areas (no litter).

Another prairie grouse nest was found

in a burned area after hatching, and since it contained no breast
feathers (which precluded its identity) it was likely a renest
In 1978,

Iso.

1 year following burning, 2 nests were located in brome

in which there was no litter.
Nesting preference was also evaluated with respect to land
use (Table 24).

Undisturbed habitats were preferred, while heavily

grazed and hayed habitats were avoided.

Apparently, recently
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TABLE 2?

NEST SITE SELECTION FOR HABITAT TYPE IN 36 PRAIRIE CHICKEN NESTS

Habitat type

Percentage of
nests per type

Percentage of
type available

Bluestem

36.2

38.1

Bromea

22.3 b

2.9

Willow

8.4

10.9

Sedge

8.4

7.6

Alfalfa

8.4

6.7

Redtopa

8.4

0.7

Roadside

5.6

1.0

Sweet clover

2.8

3.6

Bulrush

0.0

2.9

Aspen3

0.0

6.2

Cropland3

0.0

18.5

Denotes the habitat type with the greatest difference
between use and availability.
b Significantly greater than expected (P'^0.01) using Chisquare test for contingency tables with more than one
degree of freedom as outlined by Maxwell (1961).
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TABLE 23

COMPARISON OF PRAIRIE CHICKEN NEST SITE CHARACTERISTICS IN
3ROME, REDTOP, AND ALL OTHER HABITATS USED

Characteristic

Habitat used for nesting___
Brome
Redtoo
All others
(25)
(8)a
(3)
mean ± SE
mean ± SE
mean ± SE

Height (dm) where
visual obstruction
was:
100%
50%
0%
Canopy coverage (%)

0.3C

1.8 + 0.2

1.8 + 0. lc

3.5 + 0.3d

2.4 + 0.2

2.4 + 0.1d

4.9

5.2

4.4

2.7

0.2

75.0 + 7.5d

Litter depth (cm)

9.6

Brush indexb

6.9

Distance to
short cover (m)

+

+

±

0.9

21.7 + 14.2d

2.0

5.3 + 3.4

4.4

3.7

90.4 -f- 41.4

93.3

2.0

33.3

0.3

58.4 + 6.4
9.4 Hh 0.9
24.4

±

7.8

121.8

±

23.6

a Sample size.
b Number of brush clumps within 50 m of nest.
c' Means significantly different at 1% level using Scheffe's
s-test.
d Means significantly different at 5% level using Scheffe's
s-test.

TABLE 24

NEST SITE SELECTION FOR LAND USE TYPE IN 36 PRAIRIE CHICKEN NESTS

Percentage of
nests per type

Land use
type

Percentage of
type available

Undisturbed 2 or
more years3

61 .3b

28.2

Undisturbed 1 year3

25.1

15.9

Burned

OO

Lightly grazed

2.8

4.7

Heavily grazed3

2.8

14.2

Hayed3

0.0

6.7

10.9

3 Denotes the land use types with the greatest difference
between use and availability.
b Significantly greater than expected (P<0.05) using Chisquare test for contingency tables with more than one
degree of freedom as outlined by Maxwell (1961).

burned habitats did not deter nesting since use was close to
availability for this land use type.
A variety of topographic settings was utilized for nesting.
These ranged from a hummock in a sedge lowland surrounded by 20
cm of standing water (first nest of 8-2-76) to a dry ridge top
with sparse vegetation (female 4-1-77) .
While the range in acceptable nesting conditions was quite
broad, females preferred undisturbed sites with dense residual cover
near ground level.

Other characteristics appeared to be less im

portant it nest site selection.
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d.

early brood period
Habitat use was recorded for 9 young broods which moved a

mean of 983.2 m (± SE 171.7) away from the nest site 14 days
after hatching.

This d' tance was the reference radius used in

delineating the circle of available habitat for calculation of
preference ratings (Table 25) .
After hatching, broods generally moved directly from undis
turbed cover surrounding nest sites to habitats vhich had been
disturbed.

Young brood locations in undisturbed habitats were,

in part, due to nest placement (hence the starting point for
broods) rather than habitat selection.

Undisturbed bluestem con

tained 7.4% of the total locations and had a preference rating of
-6.7 (Table 25).

By contrast, burned and grazed bluestem contained

31.2% of the total locations and both showed preference ratings
of +8.6.

Disturbance apparently did not affect the use of alfalfa

since both undisturbed and hayed areas were preferred.

The high

preference rating of +45.0 for burned brome was based on 1 brood
(female 8-1-77) and is of limited value in generalizing as to
early brood habitat preferences.
unless it had been disturbed.

Willow was generally not used

The greatest proportion of locations

in burned and grazed willow was during midday.

Aspen habitat was

only used during midday suggesting that brushy habitats were at
tractive to young broods for shade.

Roadsides were used by 2

broods during morning and midday periods.

Cropland, although

available, was clearly avoided (preference rating of -13.8) by
8 young broods.

TABLE 25
EARLY BROOD HABITAT USE AND PREFERENCE FROM HATCH DATE UNTIL BROOD AGE OF 2 WEEKS
‘"

Habitat type

Land use3

Percent locations per time
period |per habitat and land
use type
M (41)
MD(7 3)
E(50)
N( 12)

'"

Weighted mean percent
of 176 locations per
habitat and land use
typec

' ' '" "" '"

Preferenci
rating*^

Bluestem

Ud
Bu
Or

9.8
24.4
17.1

6.8
17.8
12.3

6.0
16.0
12.0

8.3
0.0
16.7

7.4
17.6
13.6

-6.7 (7)
+8.6 (4)
+8.6 (5)

Alfalfa

Ud
Ha

12.2
4.9

12.3
4. 1

14.0
12.0

8.3
0.0

12.5
6.3

+5.8 (?)
+3.0 (6)

Brome

Ud
Bu

4.9
9.8

2.7
5.5

10.0
6.0

8.3
8.3

5.7
6.8

-1.3 (6)
+45.0 (1)

Willow

Ud
Bu
Cr

0.0
2.4
0.0

0.0
9.6
4.1

2.0
4.0
0.0

0.0
8.3
0.0

0.6
6.3
1.7

-3.2 (8)
+1.3 (4)
+4.3 (3)

Sedge

Ud
Bu
Gr

0.0
4.9
2.4

2.7
4.1
1.4

2.0
4.0
0.0

8.3
16. 7
0.0

2.3
5.1
1.1

-2.9 (5)
+8.6 (2)
+0.5 (4)

0.0

5.5

8.0

0.0

4.5

-13.8 (8)

Cropland
Sweet clover

Ud

4.9

2.7

4.0

16.7

4.5

+6.4 (1)

Aspen

Ud
Or

0.0
0.0

2.7
4.1

0.0
0.0

0.0
0.0

1 .1
1 .7

+0.1 (7)
tO.1 (3)

2.4

1.4

0.0

0.0

1.1

+4.2 (2)

Roadside

a Ud - undisturbed for 1 or more growing seasons, Bu = bur "ed either the current spring or the
preceding fall, Cr = grazed, Ha = hayed •
Morning (M) « Sunrise -1010 (C.S .T.), Midday (MD) - 1030- 1630, Evening (K) ” 1630-Sunset,
Night (N) » sunset to sunrise.
Number of locations per period Indicated In parentheses.
c Includes 5 observations of unradioed broods which were not used in preference evaluation,
d Positive values indicate preference and negative values avoidance.
Number of females having
a given habitat and land use type available indicated in parentheses.
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late brood period
The circle of available habitat used for young broods was

used fc1' older broods from 2 to 4 weeks of age.

The maximum

distance that 3 broods had moved by 4 weeks (1580 m ± SE 528.4)
was used to delineate available habitat for broods older than 4
weeks.
Late brood habitat use was similar to that of young broods in
favoring disturbed habitats (Table 26).
highly preferred.

Alfalfa was used more and

Grazed bluestem was the only land use in that

habitat type which w7as preferred.

Undisturbed bluestem was clearly

avoided by 4 females (preference rating = -21,9).

Disturbed willows

and aspen were preferred and, as in the case of young broods, used
mainly during midday and evening periods.

Cropland, with a pre

ference rating of -16.7, was avoided by all 5 broods,
f.

postbrood period
Postbrood habitat use and preference (Table 27) was similar

to that of the preincubation period (Table 20).

Bluestem was the

major habitat used with grazed areas being preferred (+12.9).

Crop

land accounted for 15.3% of the total locations and this use oc
curred mainly in the latter part of the summer as females began
using harvested small grain iields.

Therefore, the preference

rating of -1.2 likely underestimated the importance of cropland during
late summer and early fall.

Willow and aspen habitats were used more

when disturbed and mostly during midday and evening periods.

As

during the preincubation period, most roost locations were in sedge
habitats.

Hayed alfalfa was used more than undisturbed alfalfa with

TABLE 26
LATE BROOD HABITAT USE AND PREFERENCE FROM BROOD AGE OF 2 WEEKS UNTIL END OF MONITORING PERIOD

Habitat type

Land use3

Percent locations per time
period per habitat and land
use type'3_________________ ___
M(2 1)
M D (4 7)
E (42)
Nf4)

Weighted mean percent
of 114 locations per
habitat and land use
type*

Preference
rat ingl!

Alfalfa

Ud
Ha

14.3
23.8

10.6
29.8

21.4
26.2

25. 0
25. 0

15.8
27.2

+22 .4 (4)
+ 1 1. 9 (4)

B 1ue s tem

Bu
Gr
Ud

9.5
23.8
0.0

6.4
10.6
0.0

0.0
14.3
0.0

0. 0
25. 0
0. 0

4.4
14.9
0.0

-10. 7 (3)
+ 5. 0 (5)
-21 .9 (4)

Willow

Bu
Ud

0.0
0.0

12.8
0.0

11.9
0.0

0, q
0.,0

9.6
0.0

+23.,9 (2)
-3.,4 (5)

Cropland

CO

10.6

9.5

0..0

8.8

-16..7 (5)

Roads ide

9.3

4.3

9.5

0,.0

7.0

+ 1 .5 (2)

Redtop

Ud

4.8

4.3

7 .1

25 .0

6.1

+ 17..7 (2)

Brome

Bu
Ha
Ud

4.8
4.8
0.0

4.3
0.0
0.0

0.0
0.0
0.0

0..0
0 .0
0 .0

2.6
0.9
0.9

+22,.0 (1)
+ 7,.3 ( D
-4 .5 (3)

Aspen

Gr
Ud

0.0
0.0

6.
0.0

0.0
0.0

0 .0
0 .0

2.6
0.0

+0 .3 (4)
-1 .2 (5)

Sedge

Ud
Cr

0.0
0.0

0.0
0.0

0.0
0.0

0 .0
0 .0

0.0
0.0

-4 . 1 (2)
-5 .2 (3)

3 Ud
undisturbed for 1 or more growing seasons, Bu “ burned either the current spring or the preceding fall, Gr = grazed, Ha = hayed.
b Morning (M) = sunrise-1030 (C.S.T.), Midday (MD) = 1030-1630, Evening (E) = 1630-sunset, Night (N)
sunset to sunrise.
Number of locations per period indicated in parentheses.
c Includes 22 observations of unmarked broous which were not used in preference evaluation,
d Positive values indicate preference and negative values avoidance.
Number of females having a
given habitat and land use type available indicated in parentheses.

TABLE 2 7
POST3ROOD HABITAT USE FROM THE LOSS OF A BROOD OR NEST UNTIL END OF MONITORING PERIOD

Habitat type

Bluestem

Land use

Ud
Bu
Gr
Ha

Cropland

Percent locations per time
period per habitat and land
use type0
M(52)
M D (91)
E(54)
N(19)

Weighted mean percent
of 216 locations per
habitat and land use
type

Preference
rating0

26.9
9.6
30.8
0.0

12. 1
11.0
25.3
0.3

9.3
5.6
16.7
0.0

21.1
5.3
0.0
0.0

15.7
8.8
22.2
0.0

17.3

15.4

18.5

0.0

15.3

-1.2 (5)

-5.7
+ 3.6
+ 12.9
-8.6

(4)
(3)
(3)
(3)

Ud
Bu
Or

0.0
7.7
0.0

4.4
14.3
0.0

3.7
7.4
0.0

0.0
5.3
0.0

2.8
10.2
0.0

-2.2 (5)
+3.8 (4)
-1.5 (2)

Sedge

U1
Bi
Gv

3.8
0.0
0.0

0.0
0.0
0.0

1.9
0.0
1.9

26.3
15.8
15.8

3.7
1.4
1.9

-s.l (5)
+4.3 (2)
+0.7 (3)

A 1fa 1fa

Ud
Ha

0.0
3.8

0.0
4.4

7.4
7.4

5. 3
0.0

2.3
4.6

-0.

Aspen

Ud
Gr
Bu

0.0
0.0
0.0

3.3
2.2
0.0

1.9
14.8
0.0

0.0
0.0
0.0

1.9
4.6
0.0

+ 1,0 (4)
+5.3 (2)
-2. 1 (1)

0.0

3.3

1.9

0.0

1 .9

+0.5 (4)
-1.8 (3)
-1.2 (2)
(3)

(5)
(4)

Brome

Ud
Bu
Ha

0.0
0.0
0.0

2.2
0.0
0.0

0.0
0.0
0.0

5.3
0.0
0.0

1.4
0.0
0.0

1
o
00

Roadside

O

Willow

Redtop

Ud

0.0

2.2

1.9

0.0

1.4

+ 3. 3 (1)

a Ud = undisturbed for 1 or more g'. owing seasons, Bu - burned either the current spring or the
preceding fall , Gr = grazed , Ha = hayed.
Morning (M) *» sunrise-1030 (C.S.T.) , Midday (MD) = 1030 -1630, Evening (E) = 1630-sunset, Night (N) sunset-sunrise . Number of locations per period indicated in parentheses,
c Positive value s indicate preference and negative values avoidance. Number of females having a
given habitat and land use type available indicated in parentheses.
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most of this use occurring during morning and evening periods
when feeding usually occurred.

Overall, 70.9% of postbrood

locations were in disturbed habitats compared to 58.0% of the
preincubation locations.

I.

DISCUSSION

This was a management-oriented study of the spring and summer
ecology of female prairie chickens.

This portion of the life cycle

is generally considered to be the key factor in determining the status
of prairie chicken populations.

The. study provided certain life his

tory data for the species at the northern edge of its present range
and these will be compared to findings from other parts of the range.
Courtship and breeding
Female visitations to booming grounds peaked around 12 April,
6 days earlier than the average peak day for central Wisconsin
(Hamerstrom and Hamerstrom,

1973).

Early springs in 1976 and 1977

may partially account for earlier attendance peaks in this part of
Minnestoa, located 400 km north of the Wisconsin area.

Copulation

peaks occurred about 8 days after female attendance peaks, contrasted
to an average of 3.2 days in Wisconsin.

The timing of copulation

peaks was similar, however, occurring around 20 April.

Ammann (1957:

150) reported 22 April as the "height of courtship activity" in the
Lower Peninsula of Michigan and 2 May for the Upper Peninsula.

Arthaud

(1968:81) noted the first 2 weeks in April as the peak of the "breeding
season" in southwestern Missouri.

Robel (1970) noted the first copu

lation peak occurring between 21-30 April in northeastern Kansas but
observed

some

copulations before 10 April.

copulation was observed on 14 April.

In my study the earliest

Thus, the breeding chronology

at the northern edge of the range in Minnesota is about the same as
77

central Wisconsin and the Lower Peninsula of Michigan but about 1
week later than near the southern edge of the range.

I observed a

small, second copulation peak in 2 springs, which occurred 20-30 days
after the first peak as similarly reported in Kansas and Wisconsin.
Knowledge of female booming ground visitation and copulation
patterns is important for accurate booming ground census of males.
Hamerstrom and Hamerstrcm (1973) recommended that 3 good counts, in
which sexes are distinguished, should be made during the 2 to 3-week
period of peak display.

With 20 April as a copulation peak, this

period would be from 10 April to 30 April in Minnesota.
Preincubation movements
Movements and home ranges during April and early May (prelaying
period) tended to be greater than other periods, which agrees with
findings of Robel et al.

(1970b).

Immature females appeared to move

more than adults as they apparently had not developed as strong an
attachment to a particular area and/or booming ground.

There was evi

dence that immatures are less "attached” to an area than adults.
Both of the radio-tagged females which left the immediate area of
the Preserve in the spring (2-0-a-77 and 8-2-77) were immatures, and
of 5 radio-tagged females alive at the end of the monitored seasons,
b

returned to the same booming ground where they were trapped the

preceding year.

Hamerstrom and Hamerstrom (1973:27) reported that "the

longest moves are generally by the birds least attached to booming
grounds; hens, young birds and adults with no known booming ground records.
Two of

b

females observed to copulate on the Pembina ground es

tablished nests that were closer to another booming ground.

This

occurrence was also reported by Robel (1970).

If booming grounds have

a "sphere of influence," as suggested by Schwartz (1945:481, such
spheres apparently may overlap.

Two adults returned to nest within

a few meters of their successful nests of the previous year.

This

demonstrated "nest site tenacity" which evidently has not been pre
viously reported for grouse.
Preincubation habitat use
habitats used by females in spring and early summer are particu
larly important since they must satisfy physiological demands associ
ated with egg laying and incubation.
at least 35 eggs in 3 nests.
(Johnsgard,

For example, female 8-2-76 laid

Assuming an average egg weight of 24 g

1973), this amounted to 84% of her body weight and neces

sitated the intake of food resources high in protein and calcium.
Observation of a dropping during the third nesting attempt indicated
that 8-2-76 had fed upon June beetles (Phyllophaga sp.) as well as
plant material.

When available, insects may be an important piotein

source in the diet of egg-laying prairie chickens as in the case of
ducks for the same period (Swanson and Meyer,

1973).

Over 58% of preincubation locations and 94% of feeding locations
during incubation were in disturbed habitats.

In these areas, new

plant growth generally commenced earlier than in undisturbed habitats
having a mulch layer.

Drobney and Sparrowe (1977) felt that the ac

cessibility to new growth in grazed prairies was a key factor in ac
counting for their increased spring use by prairie chickens in Missouri
Bendell (1974) noted that a number of disturbances (fire, mowing,
plowing, removal of litter) may increase the nutrient content of plants

especially protein and phosphorus, and this also may have been a fac
tor in females utilizing disturbed habitats.

Cropland was used by

more females than any other habitat type as they apparently fed upon
waste grain (from the preceding year) and shoots of newly planted grain.
Korschgen (1962) reported that corn (Zea mays) was the leading food
of prairie chickens throughout the year in Missouri, but that the
greatest seasonal use occurred during March and April.

Korschgen also

noted important summer use of Korean lespedeza (Lespedeza stipulacea)
and soybean (Glycine max) leaves.

Alfalfa, another legume, was uti

lized a great deal by the prairie chickens I studied with 11.3% of
preincubation locations in hayed areas having new leaf growth present.
Hayed alfalfa and brome and grazed aspen stands had the highest pre
ference ratings of all preincubation habitats used.

Roadsides, also

preferred, apparently were used for loafing and to obtain grit.
Undisturbed habitats were used for roosting, activities associated
with nesting, and possibly loafing during the preincubation period.
Lowland areas, usually dominated by sedges, were selected as roost
sites throughout the summer, even though cover was sometimes short fol
lowing disturbance by grazing or fire.

Consequently, low topography

may be as important as heavy cover in determining roosting areas.
Hamerstrom et al. (1957:15) referred to habitats of reed canary grass
(Phalaris arundinacea) and "coarse sedges" as providing excellent roosting
cover.

Ammann (1957:61) noted, "marshes and bogs are often sought as

roosting cover, particularly by prairie chickens, even though these types
may not serve any other purpose" and "they show a preference for the low
land types if the water level is not so high as to prevent their finding
dry spots."
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Nesting
First nests were usually established the last week of April with
soir.e booming ground visits made by females after egg laying had com
menced.

The function of tnese visits is unknown, but recopulations

between nesting attempts have been documented (Robel et ai., 1970b)
and probably occurred twice in this study.
Nesting chronology and times when females were on nests laying
eggs and off nests feeding during incubation have implications for
nest-searching activities.

Most first nests were in the second week

of incubation by 20 May and females were generally on nests (either
incubating or laying an egg in a late nest or renest) between 0800
and 1800 (C.S.T.).
Clutch size decreased in nests initiated later in the year similar
to reports by Baker (1953) and Robel (1970) for Kansas.

Robel noted

a mean clutch size of 13.8 .'or 6 nests begun between 15 and 30 April,
whereas I recorded a mean of 14.6 for 9 nests for the same period.
The mean clutch size of 29 nests observed throughout the season in this
study was 12.7.
(Yeatter.

In Illinois, a mean of 12.3 for 12 nests was reported

1943); in Kansas, a mean of 11.6 for 19 nests (Robel, 1970);

in Wisconsin, a mean of 12.0 for 66 nests (Hamerstrom, 1939); and, in
Michigan, a mean of 11.4 for 13 nests (Ammann, 1957).

Thus, although

the sample size was small, the mean clutch size at the northern edge
of the range in Minnesota appears to be larger than other portions of
the range.
The incubation period of 25.5 days was
period reported for Missouri by Schwartz

longer than the 23-24 day

(1945), for Wisconsin by
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Gross (1930) and

f

o

r

Kansas by Silvy (1968).

However, Arthaud (1968)

reported an incubation period of 25 days in southwestern Missouri as
did McEwen et al.

(1969) for incubator-hatched eggs.

The variation

in reported incubation periods may be due to temperature differences
as reported for mallards (Anas platyrhynchos) by Hess (19"'2),

Like

Hess, I observed the incubation period to decrease progressively from
early nests to later nests.
The 91.9% egg fertility was somewhat lower than other reports.
In Wisconsin, 98.0% was reported (Hamerstrom, 1939), 100% in Missouri
(Schwartz,

1945), 100% in Kansas (Silvy, 1968), and 93.0% in Illinois

(Yeatter, 1943).
The overall nesting success of 62.4% was somewhat higher than
the 50% generally reported for other parts of the range.

Westemeier

and Vance (1975) noted that nesting success must average 50% for
populations of prairie chickens to maintain their numbers in Illinois.
Census results for the Kertsonville Study Area indicate a relatively
stable population from 1974 through 1978 (Appendix 9).

Hence, mor

tality factors other than nest predation apparently have a greater in
fluence in Minnesota than in Illinois.
The date of nest initiation did not significantly affect nest
predation although successful nests were initiated an average of 3.4
days later than unsuccessful nests.

In Kansas, however, Robel (1970)

found early nests (initiated before 1 May) to be much more successful
than later ones.

I found unsuccessful nests to have significantly

greater brush indices and litter depths than successful ones.

Litter

accumulations may have indirectly served to attract nest predators.
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Foxes feed on meadow voles (Microtus pennsvlvanicus) and Tester and
Marshall (1962) found vole populations positively associated with
increasing litter.

A considerable amount of skunk feeding sign was

observed in habitats with litter accumulations.

Tester and Marshall

noted that Orthoptera (a major food item of skunks) were most abundant
where light to moderate amounts of litter were present.

However, in

dummy nest studies in Kansas, Bowen (1971) found that skunks were the
primary nest predators in spring-burned sites where no litter was present.
Successful nests were located somewhat farther (70.0 m) from travelways (vehicle tracks, roads, pasture edges) than unsuccessful nests
(51.6 m) and this may have affected predator detection.

Kirsch (1969)

found that foxes use vehicle trails in idle cover and that nesting
success is diminished by this enhanced predator access.
I. found females Lo be persistent renesters after nest destruction
or abandonment; at least 1 female (8-2-76) established 3 nests, agreeing
with findings by Robel (1970).

I did not observe a reduction in the

home range utilized per nesting attempt but Bowman (1971) observed
an approximate 55% reduction per attempt in Kansas.

Females always

moved to new areas when renesting and in 1 case (6-0-77) the female
moved 5.6 km to renest after apparently escaping from a fox which tem
porarily caught her on the nest.

Schiller (1973) reported a sharp-tailed

grouse to renest 20.0 km from the first nest which was apparently de
stroyed by a thirteen-lined ground squirrel (Spermophilus trldecemlineatus) .
A nesting preference was shown towards habitats which were undis
turbed for 2 or more years.

Kirsch

(1974a)

emphasized the importance

of residual cover for nesting throughout the range of prairie chickens.
In this study females selected nesting habitats with dense cover close
to the ground (up to 20-30 cm) and generally not very tall (40 cm
average height).

Smooth brome and redtop habitats provided highly

attractive nesting conditions.
appeared to be avoided.

Habitats with tall (1 m) vegetation

Westemeier (1972), after evaluating 242

prairie chicken nests in Illinois, concluded that redtop is attractive
as nesting habitat after combining has reduced the cover to 25-35 cm
in height.

This permits easy visibility to a standing prairie chicken

yet ample concealment for nesting.

He found no nests in undisturbed

stands of native grasses that had developed a rank, impenetrable layer
of residual cover.

In Oklahoma however, Jones (1963:772) found nests

in "taller and heavier cover than was usual for the tallgrass community"
having a mean height of 45 cm.

In this study, species composition of

nesting habitats was not important in itself so long as proper density
requirements were met, agreeing with Hamerstrom, et al.
Kirsch (1974a).

(1957) and

Habitats undisturbed for over 4 years did not occur

on the study area and hence long-term idled grasslands were not eval
uated as to prairie chicken nesting use.
Brood movements and habitat use
Early reports indicated that broods probably stayed close to the
vicinity of the nest for the first few weeks after hatching (Schwartz,
1945; Hamerstrom and Hamerstrom,

1949).

In this study, broods less

than 1 week of age showed extensive movements and home ranges.

One

brood (8-3-77) moved at least 3.8 km ir: the first 6 days after leaving
the nest, and a 1-week old brood (3-1-75) moved 1.4 km in 28 hours.

S3

Other studies of radio-tagged prairie chicken broods have also noted
extensive early movements.

Silvy (1968) observed a brood to move 3.2

km from the nest site in 6 days.

Viers (1967) observed a brood move

ment of nearly 3.2 km in 7 days after leaving the nest.

Large early

movements have also been reported in other grouse species.

Barrett

(1970) recorded a movement of 396.2 m in A.5 hours for a 1-day old
ruffed grouse (Bonasa umbellus) brood.

Schiller (1973) reported a

sharp-tailed grouse brood to move 960 m in the first 2 days after
hatching.
The cause of these large early movements is not clear but probably
related to hens searching for satisfactory brooding areas, that is,
the proper combination of insect quantities, ease of brood mobility,
and concealment cover.

Although differences were not significant,

I observed the smallest movements in grazed and burned bluesten, and
hayed alfalfa.

The greatest movements were recorded in burned brome

and undisturbed bluestem and sweet clover.

These differing movements

may have reflected differences in insect abundance, however, no quan
titative insect data were collected.

Subjectively, habitats containing

alfalfa and those recently burned appeared to have more insects than
other types.

Burning significantly increased numbers of Hemiptera and

Homoptera on a Missouri prairie (Cancelado and Yonke, 1970), Orthoptera
and other herbivorous insects on a Mississippi right-of-way (Hurst,
1970), and certain families of Coleoptera, Diptera and Homoptera on a
Minnesota prairie (Van Amburg et al., 1973).

Southwood and Cross (1969)

calculated the daily movement required for 7-day old partridge (Perdix
perdix) chicks

to obtain sufficient insects in various habitats.

They
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estimated that a chick would have to move over 5 times as far to ob
tain insects in an herbicide-treated barley field as in downland
(natural grassland) based on insect abundance.
Movements did not appear to be lower in habitats where an accu
mulation of residual vegetation was present, thus the ease of mobility
apparently was not a direct factor.

Disturbed habitats (facilitating

easier movement) were preferred however, and extensive movements noted
in undisturbed habitats may have represented searching for habitats
affording better mobility.

Short cover apparently stimulated movement

as illustrated by female 8-3-77.

After leaving her roadside nest with

13 chicks she moved directly into a newly planted small grain field
which was only 15-20 cm high.

In no more than 7 hours the 1-2 day old

brood moved steadily for 800 m.
Another factor which may have influenced brood movements was
radio tagging of the female and disturbance associated with collecting
location data.

I did not observe any obvious relationship between the

amount of researcher disturbance and brood movement, since movements
tended to decrease with age even though the amount of disturbance
tended to remain constant.

When recording direct locations of broods,

it was frequently necessary to approach within 100 m to determine the
habitat type, particularly in transition areas.

In such cases, the

brood female was probably aware of my presence and this may have re
presented as much of a "predator encounter" as an actual flushing.
Artmann (1970) noted that sharp-tailed grouse brood females made long
movements after being captured during the brood period.

He felt these

long movements were definitely stimulated by the capturing.

From the
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survival standpoint,

it ray be advantageous for a brood to make a

large movement after a predator encounter, particularly if it would
decrease the likelihood of a subsequent encounter.

This relationship

needs further study to fully evaluate movements of radio-tagged broods.
In all cases, broods moved directly from the nest site (usually
in undisturbed cover) to areas disturbed by burning, grazing or haying.
Disturbed habitats accounted for 68.8% of early brood locations and
78.0% for the late brood period.

Seventeen of the 22 habitat and land

use types which received positive preference ratings had been disturbed.
This study irdicated that preferred brooding areas were not the same
as preferred nesting areas.
et al., 1957; Kirsch,

The term, "nest-brood habitat" (Hamerstrom

1974a; Drobney and Sparrowe,

that a given habitat provides for both activities.

1977) suggests
The term has limi

tations in northwestern Minnesota however, unless the land use condi
tion is specified.

For example, "bluestem" might be generally consi

dered "nest-brood habitat" but specifically, undisturbed bluestem was
nesting habitat and grazed or burned bluestem was brood habitat.

Dis

turbed habitats were also found to be preferred brooding areas in
Missouri (Skinner,
1963).

1977), Wisconsin (Toepfer,

1973) and Oklahoma (Jones,

In Illinois, Yeatter (1963:755) reported farmers mowing fields

of clover and mixed hay "not infrequently" encountering young broods.
In Missouri, Arthaud (1968:85) reported "men haying on the Taberville
Prairie often mowed several hundred acres without seeing any prairie
chickens (bmods) ."

In that area broods were observed either on prairie

edges, or "witnin 50 yards of some type of rough cover such as fencerows, briar patches or rock outcrops," suggesting that expanses of un-
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disturbed prairie vegetation were not used by broods.

However, Arthaud

did not indicate the land use. condition prior to haying.

Schiller

(1973:144) found disturbance to be a "vital factor" in opening up
areas for sharp-tailed grouse broods in northwestern Minnesota.

Kessler

(1977) found fallow rice fields adjacent to nesting sanctuaries to be
preferred brood-rearing cover for Attwater’s prairie chicken (Typanuchus
cupido attwateri) in Texas.

Kessler also recommended that efforts be

directed at providing brood habitat within sanctuary boundaries due
to intensifying land use on adjacent private land reducing its value
to broods.

During 1977, private, legume-grass hayfields and grazed

prairies, adjacent to the Preserve and previously used by broods, were
converted to row crops and subsequently received no brood use.
Interviews with neighboring farmers in 1975 indicated that they
"always saw 3 or 4 broods" while mowing alfalfa for hay.

In 1976,

no broods were observed by these individuals in mowing the same fields,
however, some 285 ha of spring-burned bluestem were present on the
Preserve along with 32.4 ha of regrowing alfalfa which had been hayed
during 1975.

Presumably,

the disturbed habitats on the Preserve in

1976 attracted broods and reduced the use of adjacent alfalfa hayfields.
Willow and aspen habitats were used more by broods during midday
suggesting a need f^r shade.

Also, since brushy habitats were used

more after being disturbed, the improved ease of movement may have been
important as well.

Pepper (1972:31) found sharp-tailed grouse broods

to prefer "heavier cover" at midday and "heavier-than-normal" cover
during very hot weather.

Brood mortality
Brood mortality of radio-tagged females in this study was very
high; only 2 chicks in 1 radio-tagged brood were known to be alive at
the end of the summer.

Radio-tagged broods hatched somewhat later

than unmarked broods in 1975 and 1976 due to late season trapping on
the booming ground and renesting.

Consequently, these broods were ex

posed to greater amounts of precipitation than broods hatching earlier
and probably experienced greater mortality because of it.

The number

of chicks in unmarked broods which hatched earlier in 1975 and 1976
tended to be greater than later broods (both radioed and unmarked).
Lehmann (1941) and Baker (1953) both indicated that early nests tend
to produce the greatest proportion of young.

If this is the case in

Minnesota, as it appeared to be in 1975 and 1976, it could be partially
explained by precipitation patterns.

However, in 1977, all 3 radio-

tagged broods hatched relatively early during a period of low preci
pitation, yet experienced high mortality.

In northwester.! Minnesota,

31.4% of the 51.3 cm of annual precipitation occurs during June and
July (Soine,

1966), the primary hatching months.

Early nests would

hatch between 24-30 May when the probability that a given day (at
Crookstor., Minnesota) will receive at least 1.27 cm cf precipitation
is 0.061 (Feyerherm et a l ., 1966).

This increases to 0.072 (the highest

for the year) in the period 28 June - 11 July when late nests would
hatch.

Thus, in the long term, early nests would tend to avoid more pre

cipitation than later nests but habitats containing "drying-off" areas
would be important to both in view of the seasonal occurrence of preci
pitation.

Dense cover areas would likely be important as well to pro

vide physical protection from hard rains and hail.

Roth documented instances of chick predation (1 chick killed by
a female harrier and a brood killed by a fox) occurred in large
(

y

32 ha) expanses of short ( < 20 cm) cover.

Schiller (1973) observed

2 instances of sharp-tailed grouse chick predation in northwestern
Minnesota and both occurred in abandoned hay fields.

He flushed a

male harrier from a half-eaten 7 or 8-week old chick and a long-eared
owl (Asio otus) from a freshly killed 2 or 3-day old chicle.

Open

expanses of relatively short cover may increase the vulnerability of
broods to predation.
Radio-tagged females experienced a summer (1 May - 31 August)
mortality rate during this study of 57.5%, which is high compared to
an average annual mortality rate of 56.0% calculated for female
Wisconsin prairie chickens (Ramerstrom and Hamerstrom,

1973) .

Pre

dation was responsible for most of the summer mortality observed.
Vulnerability of females to predation is probably increased in late
spring and summer due to (1) the dissolution of winter flocks and the
attendant reduction in predator detection potential,
ment and incubation activities,

(2) nest establish

(3) weakened physical condition during

incubation as suggested by weight loss,

(4) the need to actively feed

while off the nest during incubation and (5) greater attraction of pre
dators during brooding as a result of increased scent, movement and
sound.
Evidence for ground-nesting females being more susceptible to
mammalian predation was that 79.8% of mallards found at fox dens in
North Dakota were females (Johnson and Sargeant,

1977).

They concluded

that fox predation was sufficient to cause an unbalanced sex ratio in
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favor of males in spite of hunting mortality being selective for males.
The 1974 fall sex ratio for adult sharp-tailed grouse in northwestern
Minnesota was 17S males per 100 females (Berg, 1975).

A similar ratio

may exist for prairie chickens and be partially due to predation.
Evidence indicated that 7 (33.3%) radio-tagged females in this study
were taken by mammals (mostly fox) and 3 (14.3%) by avian predators.
Schiller (1973) reported that at least 9 of 26 radio-tagged, sharptailed grouse females were depredated during the reproductive season
in northwestern Minnesota with canid and avian predators being about
equally important.

In Wisconsin, Durake and Pils (1973) noted that the

nesting period of pheasant (Phasianus colchicus) was a time of acceler
ated predation, primarily due to red fox.

They also found that 70.3%

of mammalian predation occurred during a 24-hour period in which pre
cipitation occurred, presumably due to enhanced scenting conditions.
I found 3 of 5 mammal kills, for which predation dates were known,
associated with rainfall.
Nesting females may be less alert for avian predators while
actively feeding, particularly during incubation.

An incubating fe

male (8-l-a-76) was apparently killed while feeding in an alfalfa field.
Schiller (1973) reported a sharp-tailed grouse female killed by a
raptor while feeding in a small grain field.

All 3 females taken by

raptors in this study were found close to trees.

Since trees were in

frequent on the study area, particularly that portion used by prairie
chickens, this suggests that the association between trees and raptor
kills was not a chance occurrence and that trees served as ambush sites.

92

Brood females were not depredated more than broodless females.
Maxson (1978), however, reported 4 ruffed grouse brood females to be
depredated but no broodless females.
Radio-tagged females may have been more susceptible to predation
since no unmarked female remains were found at 5 fox dens, 3 of which
were partially excavated to recover transmitters.

Radio-tagged females

probably comprised between 30 and 40% of the total female population
in the immediate area based on booming ground observations and nest
searching.

The reduced spring weights of females having a history of

radio tagging also suggested detrimental effects due to radio tagging.
It is doubtful whether the population associated with the Preserve
could have maintained stable numbers during the study if mortality rates
recorded for radio-tagged females and their broods were consistent
throughout the population.

I believe however, that the overall effect

of radio tagging did not result in birds exhibiting atypical behavior
concerning habitat selection, general movement patterns and reproductive
activities.

The fact that 1 bird (8-3-77) carried a transmitter for

15 months indicated that at least some individuals adjust well to the
presence of the unit.

Dumke and Pils (1973) used the percentage of

radio-tagged female pheasants which hatched broods (50.0% compared to
52.8% in unradioed birds) to be an indicator of the impact of radio
tagging on behavior.

I used the same type of transmitter unit and re

corded 52.4% of radio-tagged hens to hatch broods, but the proportion
of unmarked hens hatching broods was unknown.
Broodless female movements and habitat use
Broodless females were observed to have somewhat greater home

ranges than females with broods but similar movements.

No published

prairie chicken data in which brood and brocdless females were com
pared was located but Maxson (1978) reported that ruffed grouse brood
females utilized larger ranges and moved into new habitats more than
broodless females.

The seasonal movement patterns for all females

which I observed of extensive spring movements decreasing to smaller
movements and home ranges later in the summer was consistent with
findings of Robel et al.

(1970b).

In late August and September, I

observed movements and home ranges of broodless females to increase
slightly as they began to associate with other birds in small flocks
feeding in harvested small grain fields.

Robel et al. (1970b) also

noted flocks of broodless females and males to use grain fields in
Kansas during summer and fall.

As in the preincubation and incuba

tion periods most of the postbrood locations were in disturbed habitats
with grazed bluestem being the most important type.

Although mid

summer to early fall movements were generally small I did record 2
large movements of a minimum of 18.7 km (female 6-0-77) and 22.1 km
(4-1-77).
et al.

The longest summer movements recorded for females by Robel

(1970b) were 7.7 and 5.6 km.

The average home range of 2 females followed from prelaying through
the broodless period was 133.8 ha compared to a home range of 82.6 ha
for a female which had a brood at the end of the summer.

The average

for the 3 females was 116.7 ha and could be considered the minimum size
of summer home range of females on the study area.

This could also be

used as a general reference to the minimum size of nesting and brood
rearing sanctuaries but would vary depending upon habitat quality, the
nature of adjacent land uses and the distance to other sanctuaries.

Population density and possible limiting factors
The density of males in the Kertsonville Study Area was approx
imately 1 per 259.0 ha (section) or 1 per 25.1 ha of preserved habitat.
A 3.2 km- area (2X2 miles) including the westerly portion of the pre
serve and containing most of the locations of radio-tagged females
maintained a density of 6.3 males per 259.0 ha for the study period.
This is the nighest density in the Kertsonville Study Area and was
judged as the "best” area.

Hamerstrom et al. (1957) reported the

following male densities in the "best" areas of selected states:

in

Wisconsin, 28.0 - 29.5 per 259.0 ha; in Missouri, 34.0 per 259.0 ha;
and in Kansas, 38.8 per 259.0 ha.

Westemeier (1971) reported a density

of nearly 100 males in a 259.0-ha area in Illinois which is one of the
highest, densities recorded throughout the range.

At any rate the

density in the best portion of this study area is substantially lower
than in the best portions of other states suggesting that the present
density is less than the potential carrying capacity.
Nesting cover was not considered to be the critical limiting
factor on the Preserve since the preferred type (brome) contained an
average density of .07 nests per hectare and Westemeier (1972) reported
nest densities of up to 3.1 nests per hectare in certain cover types
in Illinois.

Therefore, reduced reproduction is thought to be due

primarily to inadequate brood-rearing habitats, predation, and preci
pitation during the early brood period.
Acquired lands supporting prairie chickens in Minnesota are fast
becoming "habitat islands" in an intensively farmed landscape with
the predominant land use being row-crop agriculture.

Surrounding

private lands presently serve as booming ground sites and attractive
feeding areas for females (and probably males) during spring, early
summer and fall.

They are of no use for nesting and roosting, and of

little use for brood rearing except for alfalfa hayfields.

Furthermore,

Westemeier and Vance (1975) suggested that such habitat islands, sup
porting high prey populations, may attract significant numbers of pre
dators.

They attributed the recent decline of prairie chickens in

Illinois to accelerated nest predation.
This study demonstrated that a variety of habitats and land uses
are used (and presumably needed) by female prairie chickens during the
summer for various activities.
Hamerstrom et al.

To accomodate these requirements,

(1957:59) recommended that a "scatter-pattern" of

small (16.2 ha) tracts of "nest-brood" cover be acquired throughout
private land in the Wisconsin prairie chicken range.

This concept of

"ecological patterning" has been the central theme of the management
effort there and in Illinois.

Land ownership within the prairie chicken

range in Minnesota is such that few small tracts (<32.4 ha) have be
come available for acquisition.

Consequently, the average size of

tracts owned by the U.S. Fish and Wildlife Service, Minnesota Depart
ment of Natural Resources and The Nature Conservancy within the range
is approximately 132.2 ha with several tracts considerably larger.
Since current land use on private land fulfills a limited amount of
prairie chicken habitat requirements and since the availability of small
tracts on which nesting and brooding cover could be developed is also
limited, I suggest the concept of "scatter-pattern" be applied to these
larger acquired tracts.

For example, a 64.8-ha (160 acre) tract separated
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into 4 management units (16.2 ha) and disturbed on a 4-year rotation
should provide nesting and brooding habitats within reasonable proximity.
Habitat development to meet spring and summer needs must be related to
other seasonal needs as well.

Hamerstrom and Hamerstrom (1973:28)

noted that, since most of the yearly movements of prairie chickens in
their Wisconsin study area were within a range of 3.2 to 4.8 km that
"management practices should also be close together so that all of
the annual requirements of the birds can be met within small compass."

J.

1)

SUMMARY

The reproductive ecology of greater prairie chicken females in the
Kertsonville Study Area in northwestern Minnesota was investigated
from 1975-1977.

The Pembina Trail Preserve, centered in the study

area, was intensively studied.
2)

The primary objective was to further the understanding of the re
productive period so as to better manage the species in the northern
portion of its range, with particular emphasis on Minnesota.

3)

Twenty-one birds were radio-tagged and monitored for an average of
57.1 days, yielding 1113 locations.

Sixteen of these birds were

cannon-netted on booming grounds and 5 were nest-trapped.
4)

Booming ground censusing indicated that an average density of 1
male per 259.0 ha (section) was maintained in the Kertsonville
Study Area from 1974-1978.

The density in the immediate vicinity

of the Preserve was 6.3 males per 259.0 ha.
5)

Booming ground observations indicated the peak date of female
visitations to be about 12 April and 20 April, the approximate
copulation peak.

A small seco-nd copulation peak was noted 2-3

weeks after the first peak in 2 years.

Copulations occurred pri

marily during morning display periods, but also occurred during
afternoon periods.
6)

Females commenced egg laying approximately 3.8 days after copulation
and laid an average of 14.6 eggs in first nests at the rate of 1
egg per day.

Most females deposited eggs between 0800 and 0900

(C.S.T.).
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7)

The average incubation period was 25.5 days and tended to decrease
as the season progressed.

Incubating females left nests for

feeding mostly from 0600 to 0800 and from 1801 to 2100 (C.S.T.).
8)

Thirty-six nests were observed from 1975-1977.

Nesting success

was 80% in 1975, 64.3% in 1976, and 42.9% in 1977, for an overall
average of 62.4%.
9)

Striped skunks and red foxes were the most frequent nest predators,
accounting for 4 and 3 nests, respectively.

10)

Early nests contained larger clutches than later nests but were
somewhat less successful.

In spite of this, early nests likely

contributed more young to the population because less precipitation
occurred near hatching dates compared to later nests.
11)

Females renested persistently (6 instances) with at least 1 female
establishing 3 nests.
than previous clutches.
6.4 days.

12)

Renest clutch sizes tended to be smaller
The average interval between nests was

The average distance between nests was 760 m.

'Two females monitored for 2 consecutive years established nests
29.8 and 4.6 m from their successful nests of the preceding year,
demonstrating nest site tenacity.

13)

Cable-chain dragging was an effective technique used to locate 14
prairie chicken nests.

No abandonment was associated with this

technique.
14)

Females did not always nest closest to the booming ground where
they copulated.

Fidelity to a particular booming ground was

demonstrated by the return of 4 of 5 banded females to the booming
ground where they were trapped the preceding year.
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15)

Nests were established in a variety of habitats and land uses, but
most were in bluestem and brome habitats which were undisturbed
for 1 or more growing seasons.

Hayed, grazed and cultivated areas

were avoided.
16)

Nesting success was higher (85.7%) for nests placed in planted
habitats (primarily brome) than in native habitats (53.3%).

Habitats

containing unsuccessful nests were found to have significantly
greater amounts of litter and brush clumps than those containing
successful nests.
17)

Although vegetation density at nesting sites was not observed to
affect nest success, females preferred sites with dense residual
cover close to the ground and 20-30 cm in height.

Habitats domi

nated by smooth brome and redtop were preferred.
18)

Most nests hatched between 25 May and 15 June.

First nests were

calculated to hatch approximately 44 days after a female copulated.
19)

Brood mortality of radio-tagged females was high, with broods sur
viving an average of 23.9 days and a minimum of 2 chicks of li
broods alive at the end of the summer.

This high mortality was

attributed to a combination of unfavorable precipitation near the
time of hatching, long movements apparently made in search of suit
able brood habitat, disturbance associated with radioteleraetry,
lack of suitable brood habitat and predation.
20)

Estimated survival of unmarked broods from hatching until week 6
was 48.6% for 1975-1977.

21)

Spring weights of females averaged 929.5 g for adults and 900.6 g for
immatures with no appreciable weight loss occurring during egg laying,
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even when renesting took place.

However, an approximate 9.6%

weight loss had occurred by incubation day 14.
22)

Females with a history of radio tagging weighed significantly less
the following year than other females.

Also, radio-tagged females

experienced a summer survival rate of 42.5% which was felt to be
low, suggesting detrimental effects of radio tagging.
23)

Seven instances of female predation were attributed to mammals
and 3 to raptors.

One brood was killed by a fox and 1 chick was

killed by a female harrier.
24)

Movements and home range were greatest during the prelaying period
and tended to decrease progressively to brood week 4.

Brood female

movements and home ranges did not differ significantly from brood
less females but tended to be smaller.
25)

Females with young broods made extensive minimum movements of an
average of 1950.6 m during brood week 1 and 1930.6 m during week
2.

Large sporadic movements of females with and without broods

were believed to be related to "predator encounters," in some cases.
26)

Renesting females moved to new areas during each nesting attempt
and overlap in laying home range was less than 5%.

27)

Disturbed habitats accounted for 58% of all preincubation locations
with grazed aspen, hayed alfalfa, and roadsides preferred.

Crop

land was the most consistently used habitat with 10 out 17 females
using it at least once.

Incubating females fed mostly (17 of 18

instances) in disturbed areas.

The nutritional needs of egg-laying

and incubating females probably affected habitat selection.
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28)

Disturbed habitats accounted for 68.8% of the locations of broods
less than 2 weeks old and 78.0% of late brood locations.

Burned

and lightly grazed biuestem, undisturbed and hayed alfalfa, and
burned and lightly grazed willows were all attractive habitats
to young broods.

Habitat use was similar for older broods except

alfalfa was used more.

Habitats containing disturbed willow and

aspen were used more at midday, presumably for shade.

Undisturbed

biuestem and cropland were generally avoided.
2S)

Grazed and burned biuestem, burned willow, and grazed alfalfa were
attractive to broodless females in midsummer.

In late summer to

early fall, harvested small grain received heavy use as birds began
to form loose flocks with other broodless females, males, and
perhaps broods.

K.

1.

RECOMMENDATIONS

Censusing should be carried out between 10 April and 30 April to
encompass the peak display period.

2.

Cable-chain dragging for nest searching should be conducted between
0800 and 1800 (C.S.T.) and corameac. around 20 May.

3.

Habitat management
The following recommendations are with particular reference
to females and their varying habitat requirements and/or preferences
according to reproductive period.

A major consideration is that

habitats be positioned so as to reduce necessary movements as much
as possible.
a.

general considerations
1.

Lowland areas dominated by sedge are preferred roosting
sites and where possible nesting and brooding areas should
be developed close by.

2.

Trees appear to serve as raptor ambush perches and should
be eliminated if possible or develop attractive spring and
summer habitats at a distance from them.

3.

Dusting sites would be made available by any practice such
as burning or cultivation that exposes bare soil.

Pocket

gopher (Geomys bursarius) mounds and roads are also used
for dusting and obtaining grit.
b.

preincubation and incubation
The presence of nutritious feeding areas during this period
is

probably important to the reproductive success of females.
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The following habitats would be used:

cultivated small

grain, corn, and sunflower fields; annually hayed alfalfa
fields containing new growth; and burned or grazed bluestem,
aspen, and willow habitats.
c.

nesting
1.

Any practice safeguarding early nests would likely benefit
reproduction since chicks would tend to hatch before the
annual precipitation peak.

Examples would be providing

dense residual cover and not burning preferred nest habitats
in spring.
2.

Nesting habitats should have residual cover that is dense
close to the ground such that 100% visual obstruction of
a Robel density pole occurs around 25 cm with 50% at 35 cm.
Litter accumulation is not believed to be important and
may be detrimental.

3.

Habitats containing shrubs should be fall burned to dis
courage nesting since success tends to be lower in such
areas.

These areas would serve as brooding cover after

burning.
d.

brooding
1.

Brood habitats should be recently disturbed by burning,
light grazing, or haying in the case of legume habitats.
Habitats with an open understory, some overtopping cover,
a d adequate quantities cf insects are probably optimum.
Alfalfa hayfields, grazed and burned bluestem, and burned,
willow lowlands seem especially attractive.
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2.

Mowing of alfalfa hayfie Ids should either be before 25 May
or after 15 July to safeguard young broods.

Nest destruc

tion should not be a major problem since few nests would
be in annually mowed hayfields when other cover is available.
3.

Although broods are capable of making extensive early move
ments, this likely results in increased mortality so nesting
areas should be close by.

Brood areas could be interspersed

within attractive nesting cover.
4.

Rrooding cover should not be separated from nesting cover
by lowlands containing water in late May, June, and early
July.

5.

In general, smaller areas with medium cover heights (15-20
cm) would likely be more secure from predators than large
expanses of uniformly short cover (< 10 cm).

6.

Shrub habitats should be maintained for shade but disturbed
by burning and/or light grazing.

e . postbrood
The availability of disturbed habitats, especially lightly
grazed bluestera, will likely be important for females during the
postbrood period.

Generally, brood habitats will continue to be

used but in late August and early September females begin to join
small flocks and extensively utilize (need?) harvested giain fields.
4.

Further research
This study made a contribution towards baseline data of the
spring and summer ecology of female prairie chickens on the Pembina
Trail Preserve.

Specific problems suggested by the study and in
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need of further research include the following:
a.

Development of a more accurate means of determining when
chick mortality occurs, possibly through the analysis of
roost sites, which could also provide an indication of
chick food habits.

b.

Evaluation of the importance of researcher disturbance
and predator encounters in affecting brood movement and
mortality.

c.

Quantitative evaluation of spring and summer habitats used,
particularly during the early brood period.

This should

include vegetation features as well as insect quantities
relative to those types known to be eaten by broods.
d.

Thorough evaluation of the effects of radio tagging upon
behavior and mortality, including the use of smaller units
and variations in attachment harness.

e.

Evaluation of predator numbers and the extent to which
"habitat islands" and their associated food resources
attract predators from adjacent lands.

f.

Evaluation of the importance of spring food habits of females
in affecting the number of chicks which a female contributes
to the population.

APPENDICES
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APPENDIX 1
LAND USE CONDITIONS ON AND ADJACENT TO THE PEMBINA
TRAIL PRESERVE ON 15 MAY DURING 1975, 1976 AND 1977
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113

114

APPENDIX 2

TA3LE 28
RELIABLE RECEPTION RANGES (km) OF ANTENNA AND TRANSMITTER TYPES

Antenna

AVM

Transmitter3
Markusen

Hand-held yagi

0.4

0.8

Vehicle-mounted antenna

0.8

1.6

Tower

1.6

2.4

8.0

8.0

12 m high)

Airplane at 500 m altitude

a AVM units had antennas which were horizontally oriented while
the Markusen unit had a vertically oriented antenna which
probably affected range.
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APPENDIX 3

TABLE 29
WEATHER DATA FOR APRIL THROUGH AUGUST FOR
1975-1977 AT CROOKSTON, MINNESOTA3

1975

Year
1976

1977

85 Year
Average

Min. temp. (°C)
Max. temp.
Mean temp.
Precipitation (cm)

-16.1
16.1
2.3
6.4

- 3.9
23.3
8.3
1.9

- 8.9
27.8
9.5
2.5

5.2
3.9

Min. temp.
Max. temp.
Mean temp.
Precipitation

- 1.7
27.2
13.6
2.1

- 7.8
30.0
12.8
. 1.0

- 0.6
36.1
19.3
15.0

12.5
6.6

Min. temp.
Max. temp.
Mean temp.
Precipitation

2.8
30.5
18.0
11.4

25.0
33.9
20.2
10.6

8.3
30.5
13.5
9.3

17.8
8.5

Min. temp.
Max. temp.
Mean temp.
Precipitation

6.7
36.7
22.6
1.1

8.3
35.6
21.6
4.9

7.8
34.4
21.8
8.4

20.9
7.6

Min. temp.
Max. temp.
Mean temp.
Precipitation

7.2
32.2
18.9
4.0

7.2
37.8
22.3
7.0

4.4
28.9
16.8
8.0

19.7
7.3

Month

April

May

June

July

August

a

Compiled from weather records at the Northwest Agricultural
Experiment Station, University of Minnesota, Crookston.

APPENDIX 4

TABLE 30
SUMMARY OF TELEMETRY DATA FOR 21 FEMALE PRAIRIE CHICKENS
..... '

Female

Date
radio-tagged

Capture
site

9-1-75

4 May 1975

boom, grd

6-0-75

18 May 1975

3-1-75

18 May 1975

1?

10-0-75

20 May 1975

II

8-2-75

20 May 1975

II

9-1-a-76

13 April 1976

II

4-2-76

18 April 1976

It

8-2-76

18 April 1976

If

12-2-76

22 April 1976

II

10-0-76

5 May 1976

II

6-0-a-76

13 May 1976

It

II

Total
locations

Total time
monitored (days)

'

Fate of
hena

14

36

depredated on nest by fox

43

48

hen found dead

95

92

recaptured and released

51

79

recaptured and released

77

90

depredated by raptor

2

7

depredated by mammal

12

18

depredated by mammal

184

138

27

18

signal lost, evidence of
mammal predation while on
nest

78

61

signal lost due to trans
mitter malfunction

40

18

depredated by owl during
laying period

recaptured and released

TABLE 30 - Continued

Capture
site

Female

Date
radio-tagged

9-l-b-76

1 June 1976

6-0-b-76

16 June 1976

2-0-a-77

11 April 1977

8-2-77

12 April 1977

8-l-a-77

12 April 1977

1*

4-1-77

12 April 1977

8-3-77
(10-0-76)

nest

Total
locations

Total time
monitored (day*»)

Fate of
hena

16

17

hen and brocd depredated
on roost by fox

98

79

recaptured and released

5

6

depredated by fox

6

8

signal lost

35

43

hen depredated by raptor
during incubation period

It

80

125

recaptured and released

13 April 1977

II

114

129

recaptured and released

2-0-b-77

22 May 1977

nest

38

38

depredated by mammal

6-0-77

26 May 1977

II

16

81

recaptured and released

8-l-b-77
(6-0-b-76)

7 June 1977

It

82

69

recaptured and released

53.0

57.1

Mean
a

11
boom. grd.
II

In all cases except where "signal lost" is noted the radio transmitter was recovered and
in many cases used again.

APPENDIX 5

TABLE 31
PRAIRIE CHICKEN NEST CHRONOLOGY,

Nest
number

Date of
first egg

4-75

CLUTCH SIZE AND SUCCESS

Clutch
size

Number of
fertile eggs

4 May 1975

15

at least 14b

3-75

7 May 1975

12

22-75

10 May 1975

15-75

17 May 1975

20-75

Number of
chicks hatched
or fate
Nest3

of nest

attempt

8

1st

12

12

1st

9

nest depredated

1st

13

13

13

1st

17 May 1975

13

10

10

1st

12-75

21 May 1975

12

12

12

1st

19-75

21 May 1975

15

15

15

1st

11-75

24 May 1975

10b

7b

21-75

28 May 1975

11

8

23-75

8 June 1975

3-76

20 April 1976

15

15

5-76

21 April 1976

13

9

1-76

22 April 1976

16

11

8

1st

7-76

23 April 1976

14

14

13

1St

16-76

26 April 1976

13

11

destroyed by fire 1st

1' -76

30 April 1976

13b

9

female depredated 1st
on nest

11-76

4 May 1976

13

19-76

6 May 1976

6b

lb

9b

9

13
9

5, 2 eggs
depredated

1st

5

2nd

female depredated 2nd
on nest
15
nest depredated

10
nest depredated

1st
1st

1st
2nd

119

TABLE 31 - Continued

Nest
number

Date o f
irs t. egg

Clutch
size

Number of
chicks hatched
Number of
or fate
Nesta
fertile eggs
of nest
attempt

13-76

16 May 1976

13

13

13

2-76

13 May 1976

14

14

14

17-76

19 May 1976

llb

21-76

20 May 1976

3b

12-76

24 May 1976

22-76

26 May 1976

20-76

26 May 1976

13

13

13

2nd

18-76

2 June 1976

11

11

11

3rd

22-77

3 May 1977

12

7

23-77

25 April 1977

15

14

13

1st

26-77

28 April 1977

13

13

13

1st

A- 77

1l May 1977

13

7

7

1st

1-77

27 April 1977

16

7

nest depredated

1st

3-77

6 May 1977

13

7

nest depredated

1st

11

6b

7

lS'

nest depredated

2nd

nest abandoned, 2nd
researcher disturbance

2b

9b

1st

8, 2 eggs
depredated

female depredated 3rd
off nest during
egg laying

5b

female depredated 1st
off nest during
incubation

25-77

7

7

7

destroyed by fire

1st

24-77

7

7

7

destroyed by fire

1st

16

7

nest depredated

1st

9-77

24 April 1977

27-77

15 June 1977

Mean
(i SE)

7

7

13.2
(0.38)

11.9
(0.56)

nest abandoned,
researcher disturbance
10.9
(0.67)

(per sun
ful n<

a Assumed to be 1st attempt unless brood patch or known history
indicated otherwise.
b Clutches partially or completely depredated or abandoned and
not used in mean calculation. Means reflect minimum values.

APPENDIX 6
T ABLE 32

HABITAT CHARACTERISTICS OF PRAIRIE CHICKEN NESTS OBSERVED FROM 1975-1977

Land use
condition3

Visual obstruction
reading (dm)*5
100%
50%
0%

Litter
depth (cm)

Canopy
cover (%)

Brush
index0

Distance to
short cover (m)

Nest
number

llabita t
type

A-75

Bluestem

Ud-3

2.0

2.6

3.6

7.0

10

0

31

3-75

Bluestem

Ud-1

2.0

2.6

3.6

8.0

5

0

172

22-75

Bluestem

I*

2.A

3.0

A. 1

11.0

95

A

15

15-75

Brome

Ud-1

3.8

A.7

5.7

1.0

90

0

65

20-75

Brome

Ud-1

3.9

A.8

5.6

2.0

85

1

376

12-75

Redtop

Ud-1

2.1

2.8

3.6

1.0

5

A

160

19-75

Bluestem

Ud-1

2.0

2.6

3.6

7.0

30

0

360

11-75

Bluestem

Ud-1

2.5

3.0

3.5

8.0

90

2

297

21-75

Bluestem

Ud-3

1.9

2.A

3.6

8.0

75

38

A0

23-75

Willow

Ud-3

1.9

2.A

3.6

13.0

80

162

198

3-76

Brome

Ud-2

2.6

3.A

A.9

16.0

85

A

65

5-76

Bluestem

Ud-3

1.5

1.7

A.3

15.0

90

36

110

1-76

Alfalfa

Ud-2

1. A

2.0

3.9

15.0

10

0

10

T ABLE 32

Land use
condition3

Visual obstruction
reading (dm)b
100%
50%
0%

Continued

Litter
depth (cm)

Canopy
cover (%)

Brush
index0

Distance to
short cover (m)^

Nest
number

Habitat
type

7-76

Redtop

Ud-2

1.6

2.2

5.2

3.0

10

0

60

16-76

Sedge

Ud-3

2.0

4.0

5.5

10.0

100

97

190

15-76

Brome

Ud-2

1.7

2.7

4.8

10.0

50

13

60

11-76

Redtop

Ud-2

1.7

2.3

6.7

12.0

50

7

60

19-76

Brome

Ud-2

2.1

2.9

5.0

13.0

50

0

30

13-76

Alfalfa

Ud-2

1.8

2.2

3.7

13.0

100

1

26

2-76

Brome

Ud-2

2.7

3.4

5.1

15.0

90

1

11

17-76

Willow

Ud-3

1.8

2.3

10.5

12.0

70

11

1

21-76

Sedge

Ud-3

1.4

2.0

4.1

16,0

100

41

80

12-76

Alfalfa

Ud-2

0.9

1.3

3.1

4.0

5

0

29

22-76

Bluestem

Lg

1.1

1.6

3.7

5.0

80

8

1

20-76

Bluestem

Ud-3

i.4

1.9

3.5

11.0

50

10

7

18-76

Willow

Bu

1.6

2.0

6.1

1.0

30

0

0

22-7/

Bluestem

Ud-1

2.0

2.7

7.1

11.0

65

0

200

T ABLE 32 - Continued

Land use
cond ition'1

Visual obstruction
reading (diro b_.
100%
50%
0%

Litter
depth (cm)

Canopy
cover (%)

Brush
index0

Nest
number

Habitat
type

23-77

Bluestein

Ud-3

2.5

3.0

4.4

9.0

80

23

44

26-77

S. clover

Ud-3

1.8

2.3

4.3

4.0

20

0

270

4-77

Brome

Ud-3

2.7

3.2

4.7

11.0

100

1

45

1-77

Bluestem

Ud-3

1.4

1.9

2.7

13.0

50

56

120

3-77

Bluestem

Ud-3

2.5

3.0

3.2

3.0

70

3

140

25-77

Bluestem

Ud-3

2.0

2.5

3.5

13.0

50

56

103

24-77

Brome

Ud-3

2.0

2.5

3.7

9.0

50

36

71

9-77

Bluestem

Ud-1

2.6

3. 1

5.1

12.0

55

62

200

27-77

Bluestem

Bu

1.6

2.0

5.0

0.0

50

0

400

Mean
(± SE)

2.03
(o.21)

2.64 4.6
(0.13) (0.78)

9.1
(0.78)

59.0
(5.26)

18.0
(5.62)

Distance tc
short cover

112.4
(112.7)

a Ud-n = undisturbed for n years, Lg = lightly grazed, Bu - burned the previous fall or spring of
nest year.
k Visual obstruction reading as determined by Robel density pole.
c Number of brush clumps within r>0 m of nestShort cover = area > 1 ha with cover ^ 10 cm.
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APPENDIX 7

TABLE 33
PLANT SPECIES COMPOSITION AT 21 NATIVE VEGETATION NEST SITES

Species

Percentage
cover3

Frequency of
occurrence D

B e tu Z a pwncla.
R oba b u ^ u t t a
S a JZ ix b p p .

1.5
1.6
11.0

9.5
23.8
23.8

Ag A O b tib
Ag A o b t ib

7.5
6.3
7.3
31.7
7.9
6.0
6.6
6.7
4.4
5.0
2.4
1.3
1.0
1.3
2.0
16.0
2.6
7.1
1.0
1.0

28.6
14.3
33.3
95.2
42.8
23.8
57.1
14.3
23.8
4.8
23.8
19,0
4.8
28.6
9.5
76.2
38.1
61.9
4.8
9.5

14.4
20.0
1.7
11.9
2.8

66.7
4.8
28.6
42.8
23.8

3.0
1.5
2.5
1.0
1.0
1.0
2.0

4.8
9.5
9.5
4.8
A.8
19.0
19.0

b to Z o v U -le n a
k y m a JU b
AgA.opyA.cn A ep en b
n dAopogon g c n o A cU
ndh opogon bcopcLAjj.it>

A
A

Bao mub jneAmLt>
CaZamagAobtib Znexpanba
Vebchampbja ceb p jtcb a
MuhZe.nbeA.g-ia AjchoAdbonZ
PayiZcum capZZZatic
PanZcum vZAgatunt
Panjcum bp.
P kZa tU b aAuncU.nac.ea
PhZeum p n a te n b e
Poa com p.iebba
Poa p A a te n b jb
S o A g a b t n m n u ta n b
Sp cu u tin a p e c Z Z n c U a
Sp ke.n opkoZZb c b t u b a t a
SpoAoboiut> k e t e A o Z e p jb
Ca n cx p A aegA a cZU b
CaA.ex t e t a n Z c a
CaAiex b p .

Juncub baZtZcub
EZecckaU b bp.

AgnobeAdb g Z a u c a
Apocynum hZhZAZcum
A n te n n a n ja b p .
A b c t c p jo b b y n jjc a
Ab.teA b.im pZex
A b tcn . e n j.co jd .eb
A b te Ji ZaevZb

TABLE 33 - Continued

Percentage
cover2

Spe-'1ies

k n t e n .

p

k i i t Q J l

t

l

a

u

C

l

A

c

l

u

m

F

A

o

g

a

A

l

a

l

a

m

i

n

l

l

u

m

H

e

m

l

e

n

m

h

i

o

l

d

e

A

a

o

u

l

a

l

a

n

l

a

m

O A . v e . Y A e

G o U U j u j r i

e

A

A p .

C

G

a

v

l

A

g

l

.

b o A e a l e .

i

l

o

n

u

m

a

u

t

u

m

n

a

l

e

H

e

l

l

a

n

l

h

u

A

l

a

o

t

l

i

l

o

A

u

A

H

e

l

l

a

n

i

h

u

A

o

a

x

l

r

l

l

l

a

n

l

L

a

a

t

a

c

a

p

u

l

c

k

e

l

l

a

L

a

l

k

y

A

u

p

a

l

u

A

i

n

l

A

a

n

u

A

A

l

i

a

t

A

l

A

a

A

p

e

A

L

y

c

o

p

u

A

a

m

e

A

l

L

y

c

o

p

u

A

O

A

p

e

A

L y A l i r i a c h l a

P

e

l

a

l

o

A

t

e

P

o

l

y

g

o

n

u

m

P

o

t

e

n

t

l

l

l

P

y

c

n

a

m

q m d A i . i l o n . C L

u

m

a

m

a

a

p

u

n

p

u

A

p

k

l

b

l

u

m

n

A

Q

A

l

n

a

v

l

i

g

l

n

n t h e j v u m

R

u

d

b

e

c

k

S

o

l

l

d

a

g

l

a

o

c

a

c

h

l

n

l

a

a

n

a

d

e

j

A

S

o

l

l

d

a

g

o

g

l

g

a

n

l

e

a

S

o

l

l

d

a

g

o

g

A

a

m

l

n

l

i

a

n

A

I

l

l

d

a

g

o

m

l

A

A

o

u

A

l

e

l

d

a

g

o

n

e

m

o

n

a

l

l

A

l

l

l

l

l

d

a

g

o

n

l

d

d

e

l

l

d

a

g

o

n

l

g

l

d

a

S

o

n

a

h

u

A

T

a

A

a

x

a

c

a n . v e . n 4 l A

u

m

T

k

a

l

l

c

l

n

u

T

n

l

g

l

c

c

l

n

d

o

m

U

c

l

d

o

A

n

l

t

l

a

l

l

i

l

d

a

e

g

a

t

i

o

l

a

p

e

i

o

l

a

4

p .

l

l

g

a

d

n

u

e

l

l

l

z

l

a

a

p

t

e

A

a

l

l

z

l

a

a

u

A

e

a

E

q

u

l

A

l

u

m

A

l

a

e

v

y

n

a

V

e

l

m

V

e

u

c

l

l

n

l

o

o

a

o

o

o

m

A

S

S

i

l

S

S

e

l

c

a

l

a

n

m

a

p

e

u

A

g

a

t

m

m

a

m

1.0
1.5
1.0
1.3
3.1
1.8
1.0
1.0
1.0
3.2
6.0
1.0
1.0
1.0
1.0
1.0
1.3
1.0
4.0
1.3
1.0
2.0
10.0
1.6
3.6
1.0
1.0
5.7
1.4
1.0
2.7
2.0
1.0
1.5
1.0
2.3
1.3
1.4

Frequency of
occurrence^5

4.8
19.0
4.8
14.3
38.1
28.6
4.8
4.8
4.8
33.3
4.8
9.5
14.3
4.8
4.8
14.3
14.3
4.8
4.8
14.3
4.8
4.8
4.8
23.8
23.8
4.8
4.8
14.3
33.3
9.5
14.3
14.3
4.8
Q
«/•c,
4.8
19.0
14.3
23.8

Mean value for nests where species occurred.
k

Determined according to the occurrence of species at nest
sites rather than total sample plots.
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TABLE 34
PLANT SPECIES COMPOSITION AT 15 PLANTED VEGETATION NEST SITES

Species

A

m o A p ' n a

P

o

i

a

A

g

A

o

i

t

t

g

A

o

p

y

A

n

d

A

o

p

o

A
A
C

a

t

i

a

m

n a n o .

u

^

u

t

i

a

i

o

n

g

o

n

t

n

c

g

A

o

t

t

o

A

c

A

i

a

&

o

p

e

g

e

A

m

t

i

t

u

j

u

b

c

u

i

&

c

A

d

i

O

t

n

l

c

t

m

c

P

a

n

t

c

u

m

v

t

A

g

a

t

o

m

a

n

t

c

u

m

c

a

p

t

t

Z

a

A

c

n

a

t

o

o

a

c

P

o

a

p - A a t c n i t i

m

p

A

g

d

S

c

t

a

A

t

a

S

p

a

A

t

b

i

a

S

p

O

A

O

b

o

Z

o

i

A

a

c

i

l

a

u

c

a

p

e

c

t

t

o

a

c

x

p

o

a

c

x

t c t a . r u . c a

C

o

a

c

x

i p .

Z

Z

t

u

m

b

n

o

^

A

n

t

c

A

n

A

A

A

n

n

t

n

m

t

t

c

c

c

i

t

m

m

c

a

t

a

A

t

g

e

Z

a

n

a

A

Z

a

c

a

X

u

t

t

u

m

Z

t

d

m

&
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Percentage
cover3

Frequency of
occurrence'3

1.0
1.0

6.7
20.0

11.0
7.0
4.5
50.2
3.5
2.0
3.0
12.0
7.0
3.0
6.5
16.7
2.5
2.0
2.0

66.7
13.3
66.7
60.0
13.3
6.7
6.7
6.7
13.3
20.0
26.7
93.3
26.7
13.3
6.7

2.0
18.4
5.0

6.7
33.3
26.7

2.0
2.5
1.0
3.0
2.0
1.0
1.8
1.0
1.0
1.0
1.0
1.5
1.0
2.0
1.0

6.7
26.7
6.7
13.3
6.7
6.7
26.7
6.7
13.3
13.3
6.7
13.3
6.7
6.7
13.3
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TABLE 34 - Continued

Spe ies

Hex anXhuA m a x o n itia tv c

Lei tia Ap.ic.cUa.
h\zc. ca g e ZapuZZna
Get. t h e x a b ie x n iA
Ocr. t k e x a AexxuJZouta
O

x

x

x

Z

a

A X x i c . t i

PZcj-.ta.go e x io p o d a
P i c retag o may ox.
P o ly g a t a A cn cg a
Polygonum c c n v c lv ic lu A
P o .t z n t i t t a axguXa
P o lz i i t i Z Z a nox.ve.gZca
R u d o eck Z a k Z v ta
Scr. J wla afi.ve.nAiA
S c i A a g o ca n a d en A iA
S o x id a g o g ig a n t e a
So
dago n m o c a Z iA
S c iid a g o x ig id a
Taraxacum o ^ Z c i n a Z e .
T x c [o Z u m p fia tc n A C

.c

Percentage
cover3

Frequency o,
occurrence

1.0
1.0
6.0
5.0
1.0
6.0
1.0
1.0
1.0
3.0
6.0
1.0
1.3
4.1
1.0
6.0
6.0
1.0
1.5
2,0

26.7
6.7
20.0
6.7
6.7
6.7
6.7
6.7
13.3
6.7
6.7
13.3
20.0
46.7
13.3
6.7
6.7
26.7
13.3
6.7

a Mean value for nests where species occurred.
1.

Determined according to the occurrence of species at nest
sites rather than total sample plots.

APPENDIX 9
LOCATION AND NUMBER OF MALES ON PRAIRIE GROUSE DISPLAY
AREAS DURING SPRINGS OF 1974-1978 - KERTSONVILLE STUDY AREA.
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Prairie chicken males.

V

=

Sharp-tailed grouse males.

Oo=> =

Prairie chicken X sharp-tailed grouse hybrid males
and arrow towards display ground associated with.

EiilUiili ~

Land owned by Minnesota Department of Natural
Resources.

m

Land owned by The Nature Conservancy.

Fig.

9a.

Location and number of males on prairie grouse display
grounds during spring of 1974 - Kertsonville Study Area.
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Prairie chicken males.
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grouse males.

= Prairie chicken X sharp-tailed grouse hybrid males
and arrow towards display ground associated with.

•-VTTn
Land owned by Minnesota Department of Natural
Resources.
Land owned by The Nature Conservancy.

Fig.

9b.

Location and number of males on prairie grouse display
grounds during spring of 1975 - Kertsonville Study Area.
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Prairie chicken males.
Sharp-tailed grouse males.

D<^>

1

Prairie chicken X sharp-tailed grouse hybrid males
and arrow towards display ground associated with.

=

Land owned by Minnesota Department of Natural
Resources.
Land owned by The Nature Conservancy.

Fig. 9c.

Location and number of males on prairie grouse display
grounds during spring of 1976 - Kertsonville Study Area.
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Prairie chicken males*
Sharp-tailed grouse males.
=

Prairie chicken X sharp-tailed grouse hybrid males
and arrow towards display ground associated with.
Land owned by Minnesota Department of Natural
Resources.
Land owned by The Nature Conservancy.

Fig.

9d.

Location and number of males on prairie grouse display
grounds during spring of 1977 - Ker^sonville Study Area
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grouse males.

Prairie chicken X sharp-tailed grouse hybrid males
and arrow towards display ground associated with.
Land owned by Minnesota Department of Natural
Resources.
Land owned by The Nature Conservancy.

Fig.

9e.

Location and number of males on prairie grouse display
grounds during spring of 1978 - Kertsonville Study Area.
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APPENDIX

10

ACCOUNTS OF INDIVIDUAL FEMALES

Female 8-2-75
This female was radio-tagged on 20 May, 1975.

She was located

on a nest of 13 eggs on 31 May 1975 indicating that 3 or 4 eggs were
present in the nest when the hen was trapped on the booming ground!
On 22 June the hen left the nest with 10 chicks.

The 3 remaining eggs

were infertile and may represent eggs laid before the female came
to the booming ground for copulation, although the hen was never ob
served to copulate.

On the day of capture the female walked directly

to bait corn on the booming ground and may have been coming to the
ground to feed.
The brood hatched during a cool, rainy period with 5.0 cm of
precipitation occurring during the first 4 posthatching days.

The

brood made a large movement (a minimum of 1700 m) in the first 5
posthatching days through undisturbed cover which may have contri
buted to brood mortality.

By 1 July the hen had moved to an undis

turbed alfalfa field and an oat field near where she fed during egg
laying.

Movement was then considerably reduced and upon flushing on

3 July the hen had a foot entangled in the radio harness.
immediately trapped and the harness adjusted.
somewhat swollen but no skin was broken.

She was

The entangled leg was

She stayed in this immediate

area for 5 days and then moved 1000 m to another portion of the un
disturbed alfalfa field.

No chicks were noted upon flushing the hen

after 24 June and on 19 July the hen was located on the roost to confirm

8-2-75 (continued)
the status of the brood.

One chick was roosting near the hen and

assumed to be part of the original brood.

This chick was never seen

again with the hen and complete brood loss was assumed to have occurred
4 weeks after hatching.

On 25 July the hen moved 900 m from the alfal

fa field to a 2-ha field corner which had been spring cultivated and
had grown up with various weedy species such as pigeongrass (Setaria
verticillata), sow thistle (Sonchus arvensis) , Canadian thistle (Cirsium
arvense) and dandelion (Taraxacum spp.).

The broodless hen utilized

this area until she was killed by a raptor around 15 August.

A row

of trees 10 m in height along a fence line located 30 m from the pre
dation site may have served as an ambush site for the raptor.

On 12

August the hen was flushed and had a leg hanging down slightly which
was likely due to the earlier injury sustained from the harness en
tanglement.

This injury probably increased the h e n ’s susceptibility

to predation.
Female 10-0-75
This bird was radio-tagged on 20 Kay 1975 and observed to have
a well-developed brood patch suggesting that she was renesting.

Upon

release, the bird experienced flight difficulties but finally managed
to fly 100 m where she "crash-landed."

When I approached the bird 1

hour later it made 2 short flights but mostly ran.

The next day how

ever, the bird was flushed 1 km from the booming ground and flew at
least 1 km.

No flight impairment was noted and she apparently had

adjusted better to the harness.

Radio contact was then lost until 8

June when the female was found incubating a nest with 11 eggs.

The

10-0-75

(continued)

female flushed from the nest when I was 20 m away, which is character
istic of renesting hens (Gross, 1930).

During incubation the female

utilized a nearby grazed prairie for feeding and left the nest with
5 chicks on 2 July.

Of the 6 remaining eggs, 3 were infertile and 3

contained full-term chicks.

This suggested that incubation had com

menced before clutch completion and/or the female made an early de
parture from the nest at hatching due to nervousness.
The hen and brood moved over 1 km in 3 days through grazed prairie
about 30 cm in height to an area containing grazed aspen groves inter
spersed with prairie.

No chicks were ever observed with the hen upon

flushing but she was assumed to have chicks on 7 July when she exhibited
decoying behavior and responded to a chick distress call.

On 19 July

the roosting hen was observed without chicks and brood loss was there
by confirmed.

The hen had moved the brood through sedge-dominated

lowlands containing 10-20 cm of water.

Tnis, in combination with the

apparent nervousness of the hen and researcher disturbance, is thought
to have contributed to brood loss.
After brood loss, the hen continued to utilize grazed prairie
until she was night lighted and captured on 7 August approximately 2.1
km from the brood area.

The her. was in good condition and showed only

a small abrasion on the upper surface of 1 wing apparently due to
striking the knot on the radio harness while in flight.

The hen was

released and never observed again.
Female 3-1-75
This female was radio-tagged on

18 May 1975 and flew well upon

release in the direction of her eventual nest which was discovered on

3-i-73 (continued)
25 May

Feeding locations during the preincubation and incubation

periods were in a newly planted small grain field and an alfalfa hayfield on private land adjacent to the Preserve.

On 28 June the female

had left the nest with 15 chicks and moved directly from (and never
to return to) the undisturbed prairie vegetation around the nest site
towards alfalfa and small grain fields which had earlier been used for
feeding.

The brood remained in the 70-80 cm alfalfa cover for the

first week during a period of heavy precipitation and high winds.
Mowing activities on 3 July apparently prompted a movement of 1440 ra
in 28 hours to a newly established alfalfa and sweet clover hayfield
containing a considerable amount of perennial sowthistle (Sonchus
arvensis) .

The brood utilized this 32-ha hayfield and adjacent road

ditches for the next 3 weeks as it was gradually narvested.

Frequent

rains and equipment breakdowns delayed harvesting operations so that
the regrowth of the first harvested portion of the field was providing
concealment cover by the time harvesting was completed.
The brood of 4 chicks was flushed from short (25 cm) alfalfa
regrowth on 2A July or a brood age of 30 days indicating a loss of
31

(73%) chicks after hatching.

One chick was observed to be preyed

upon by a female harrier in this field later that day, reducing the
brood to 3.

A ditch containing up to 1 ra of water and bordering the

hayfield probably restricted the extent of early brood movements.

On

28 July the brood crossed this ditch and moved directly through a
small grain field into another alfalfa hayfield which was utilized unti
18 August when the hen was night— lighted and the radio removed.

The
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3-1-75 (continued)
female and 2 chicks were roosting in an undisturbed redtop field at
the edge of the alfalia hayfield.

The female was in good condition

and showed no sign of abrasion from the radio harness.
During the spring of 1976 this female was observed back on the
Pembina booming ground on 13, 17 and 20 April.
Female 9-1-75
This female was radio-tagged on 4 May 1975.
turned to the booming ground and copulated.

On 7 May she re

She then moved approxi

mately 1.7 km to nest and utilized a closely grazed prairie ridgetop
and aspen stand for feeding and loafing.

The nest was established

near this small ridge and was located on 11 May with 1 egg.

The

nest had been destroyed by 30 May and fragments of at least 8 eggs
were found.

Egg destruction was typical of striped skunk.

After loss of the first nest, the hen ranged up to 600 m from
the nest site and on 5 June was discovered on a second nest located
270 ra from che first.

The renest was located in a sedge and willow-

dominated lowland 37 m from a fence.

On approximately 10 June the

female was killed on the nest as evidenced by a feather pile and a
large mass of feces.

Only 1 egg remained in the nest and since an

egg count was not obtained prior to predation, it was not possible to
determine if predation occurred during the laying of an egg or possibly
during incubation of a small clutch.

The remains of the hen and the

transmitter were recovered from a fox den located 2.0 km from the nest
site.

Female 6-0-75
This hen was radio-tagged on 18 May,

1975.

On that morning she

was receptive for copulation but no attempt was made.

The hen flew

well upon release although she had only 1 tail feather remaining.

On

23 May the female returned to the booming ground and copulated.
On 26 May the hen was very near or on the booming ground but no
observations were made from the blind and her behavior on the ground
could not be determined.

On 2 June the hen was located on a nest con

taining 10 eggs suggesting that egg laying had commenced at least by
24 May or 1 day following the observed copulation.

The nest was lo

cated on an abandoned ant mound dominated by bluegrass and big bluestem.
Incubation commenced on 8 June and on inspecting the nest on 18 June
only 7 eggs remained.
nest.

One fertile egg was later found 30 cm from the

Ground squirrel (Spermophilus franklinii or tridecemlineatus)

or crow (Corvus brachyrhvnchos) predation may have been responsible
for the loss of the other 2 eggs.
During egg laying and incubation, feeding locations were in a
newly established alfalfa hayfield and a small grain field.

On 1

July the hen ’
Hatched 5 of the 7 eggs leaving 1 fertile and 1 infertile
egg.

She began moving towards the fields used earlier for feeding and

was flushed 80 m from her nest on 2 July to confirm her status.

She

appeared to have her legs tied when she flushed and flew 30 m, but
this was interpreted as decoy behavior at the time.
dead on 5 July,

The hen was found

120 m from the nest and 1 toe was partially entangled

in the radio harness which was loose fitting due to weight loss during
incubation.

It is believed that the loose-fitting harness contributed
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6-0-75

(continued)

to the death of this bird and the supposed decoy behavior of 2 July
was due to harness entanglement.

No injuries were noted on the bird

which weighed 478.0 g when found and had an empty crop.

From hatching

until 3 July a harrier and red-tailed hawk (Buteo jamaicensis) were
observed hunting in the area where the hen was found and may have
preyed upon the brood.
Female 10-0-76
After radio tagging on 5 May, 1976, this hen moved 1.6 km to a
nest in undisturbed brome.

This nest was found on 15 May with 9 eggs

suggesting that she began laying on 6 May, the day after banding.

This

is unlikely; thus it is assumed that she had already established the
nest and perhaps had begun to lay before 5 May.

Also the female had

a partially developed brood patch upon tagging which suggested that
she was nearing readiness for incubation.

On 19 May the nest was

examined with only 3 eggs remaining and on 24 May all eggs were gone.
On 16, 18, 19 and 20 May the hen was located near a booming ground
with 7 displaying males.

This ground was 700 m from the nest site

and a different ground from the one of capture.

It is unknown whether

the hen copulated on this ground or whether it was coincidental feeding
since the ground was located in a small grain field that was used for
feeding by several birds.

The last day that the female was confirmed

to be on the nest was 19 May although she was only 90 m from the nest
on 22 May.

It was believed that Franklin’s ground squirrels preyed

upon this nest since they have been reported to prey on duck nests
(Sowls, 1948) and a rock pile with several resident squirrels was less

10-0-76 (continued)
than 100 m from the nest,

However, no egg fragments were found in

the area to confirm predator identification.

It is possible that

some eggs had been depredated prior to 5 May thus explaining the brood
patch development with less than a full clutch of eggs.
ternative is that this nest was a renest.

Another al

During egg laying, the hen

utilized an alfalfa hayfield and a small grain field for feeding.

On

5 occasions the hen was either feeding or loafing along the edge of
the alfalfa field where a disked fire break had been established on an
abandoned road bed that had grown up with trees along both sides.
After complete nest predation the hen moved to an area containing
primarily small grain and grazed prairie and established a second
(possibly the third) nest located 950 m fxom the first.

This nest was

located on a roadside dominated by undisturbed prairie vegetation.
Feeding and loafing locations during egg laying occurred primarily in
grazed prairie but 4 locations were associated with grazed aspen stands.
On 1 July 13 of 13 eggs hatched and the brood moved into an adjacent
small grain field, approximately 40 cm high.

The nearby road ditch

contained 20 cm of water at the time of hatching which restricted the
brood from moving anywhere except to the small grain and along the
roadway.

On 4 July radio contact was permanently lost and trans

mitter failure was believed to be involved since a weak signal was
received when triangulation indicated that the hen was within 100 m
of the mobile receiving unit.

This was confirmed during 1977 when

the hen returned to the Pembina booming ground still wearing the trans
mitter.

She was captured and reinstrumented as female 8-3-77.

Female 6-0-b-76
On 16 June 1976 this female was nest-trapped, processed, and re
leased at 1600.
the nest by 2035.

The female flew well for 100 m and had returned to
Hatching of 14 chicks occurred on 26 June during

a period of heavy precipitation and cool temperatures.

The nest was

located near the center of 80 ha of undisturbed cover and after hatching
the hen led the brood almost directly to a spring-burned portion of
the Preserve, suggesting a preference for disturbed habitat.

A move

ment of no less than 1705 m was made the first 3 days after hatching,
much of which was through habitat containing 10-20 cm of standing
water.

Early brood habitat use consisted primarily of spring-burned

prairie and the edge of an alfalfa-bluegrass field that had not been
disturbed for 2 years.

After the initial long range movement, the

range of the brood was considerably reduced.

When the brood was 3-

weeks old, the female made movements which appeared too distant for
a brood to move in a short time span.

This, coupled with the obser

vation of only 1 chick on 3 July in an area of short cover, suggested
the loss of the brood.
After brood loss, female 6-0-b-76 began making longer daily move
ments, but for the next 2 months 52 locations occurred within 200 ha.
Spring-burned and grazed prairie were used considerably for the first
month and then as small grain harvesting commenced in a field adjacent
to the Preserve, the female began feeding in the stubble.

Brush clumps

and undisturbed grass along the edge of the grain field were used
around midday and afternoon, presumably for shade.

Fresh dusting bowls

were observed near location sites of this female on pocket gopher mounds,
in bare areas in burned prairie, and in the grain field.
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6-0-b-76 (continued)
Commencing around 6 August (the time of grain harvest) the female
was observed 5 times in the company of 3 to 17 other prairie grouse.
For the remainder of August the small grain stubble was used consider
ably for feeding by this group of birds (perhaps not the same indivi
duals) .

On 2 September the female was night-lighted while roosting

and the radio was removed.

The bird seemed to be in good condition.

Female 9-l-b-76
On 1 June 1976 this female was nest-trapped and processed by
1205.

Attempts were made to replace the hooded female on the nest

and remove the hood from a distance using a long string.

This pro

cedure was unsuccessful because the female would begin to struggle
as soon as hand pressure was released from her wings.
broken in this effort and was removed from the nest.
then released and flew well for 100 n.

One egg was
The hen was

All feathers lost at the nest

site were gathered and the vegetation straightened to minimize possible
predator attraction.

At 1655 the hen was approximately 60 m from the

nest and at 0247 on 2 June she was confirmed to be on the nest so she
had apparently returned to the nest by nightfall.

On 8 June the hen

and brood left the nest after 10 of 13 eggs had hatched.
The brood moved along the crest of a ridge dominated by a moder
ately dense mixture of sweet clover, alfalfa, quackgrass and bluegrass,
and in 3 days had moved 700 m to a grass-brush strip between two corn
fields.

They stayed in this strip for 3 days, moving less than 100 m.

On 14 June the 1-week old brood began a long range movement and in 2
days had moved 1730 m along a ridge crest with sparse sweet clover and
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9-l-b-76 (continued)
quackgrass, mostly less chan 20 cm in height.

The brood moved to the

south edge of the Preserve where the closely grazed pasture on the
adjacent land apparently did not provide adequate concealment for fur
ther movement.

The brood then moved very little (< 50 m) for 2 days

during a period of cool temperatures (13°C) and rain.

On the night of

17 June the brood was ambushed by a fox on the roost site located 35 m
from a fence along the pasture and the female and at least 3 chicks
were killed.

Two additional chicks were found dead near the predation

site and had apparently died of exposure during the cool, wet evening.
The northwest wind of the evening would have blown the scent of the
roosting birds towards the fence line which foxes commonly use as
travel lanes.

Fresh fox tracks in pocket gopher mounds indicated that

considerable hunting had been done in the immediate area of the brood
roost.

At least 3 chicks were eaten at the site, but the hen was

carried to a den 1055 m from the predation site.
On 2 July the radio was recovered from the den where it was lo
cated 30 cm below the ground.

The signal could be picked up from a

distance of 171 m using a hand-held yagi antenna.
Female 8-2-76
After radio tagging on 18 April 1976, this female established
her first nest 660 m from the booming ground.

The nest was located

on a hummock in a sedge-cordgrass lowland with thick residual cover
and surrounded by 15-25 cm of standing water.

Egg laying commenced

26 April and during chis period habitat use consisted primarily of an
alfalfa field hayed the previous year and a small cultivated strip

S-2-76 (continued)
along a ridgetop in the interior of the Preserve.

The first nest con

taining 13 eggs was destroyed by a wildfire on 10 H a y , approximately
2 days after incubation had commenced.

For 3 days the female stayed

in the vicinity of the nest even though the area had been completely
denuded by the fire-

On 14 and 15 May she was back on the booming

ground where copulation presumably occurred, but could not be confirmed
since farming operations had necessitated moving the observation blind
from the ground.
After visiting the booming ground on the morning of 15 May, the
female moved 1.7 km to a fall-burned portion of the Preserve where she
established a second nest and spent the rest of the summer.

This

nest was established in a small, unburned clump of bog birch and willow
that was surrounded by prairie which had been burned the preceding
fall and had not begun to regrow at the time of nest establishment.
Egg laying commenced around 18 May.

The nest was destroyed by a rac

coon around 29 Ma> when it contained at least 11 eggs and also 2 brown
headed cowbird (Molothrus ater) eggs.

Incubation may have just co m 

menced as suggested by the presence of a large dropping near the nest.
'Two days after nest destruction the female was located 500 a from the
second nest at the site where she would establish her third nest in
fall-burned, willow-dominated, low prairie with regrowth around 25 cm.
On 2 June egg laying commenced in the third nest and was completed
around 12 June with a clutch of 11 eggs.

During the period when the

second and third nests were active habitat use consisted of fallburned prairie with occasional locations in nearby spring-burned prairie.
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8-2-76 (continued)
On 7 July, a brood of 11 hatched and in 4 days had moved no less
than 1870 m through fall-burned prairie regrowth.

This extensive

early brood movement was not a straight-line movement, but "backand-forth" in the same general area.

A heavy rain with strong winds

occurred when the chicks \jere 3 days old and, coupled with extensive
early movements, may have contributed to chick mortality.

Brood lo

cations were primarily in fall-burned prairie which included several
bog birch and willow patches and strips of young aspen.

Occasional

forays were made into an alfalfa-redtop field which had been undis
turbed for 2 years but the burned prairie regrowth seemed preferred.
A large portion of the midday locations were associated with woody
vegetation, presumably to seek shade.
No chicks were ever observed when the female was occasionally
flushed, but evidence for the existence of chicks was obtained by
directly locating the roost site, marking the area with flags, and
searching for the roost form the following day.

Dropping evidence

of chicks was obtained until 3 August or a chick age of 4 weeks.
this date it was assumed that the female had lost her brood.

After

Researcher

disturbance may have also contributed to brood mortality.
The range of the female from the initiation of the second nest
through 2 September when she was captured on the roost and the radio
removed was restricted to approximately 64 ha.

Habitat use consisted

of sedge lowlands, bog birch and willow areas with an "understory" of
prairie vegetation, aspen woods and an alfalfa-redtop field.
the alfalfa-redtop had been burned the previous fall.

All but

8-2-76

(continued)

The female was in good condition upon capture.

A slight bruise

was noted on the upper surface of the elbow of the wing which was
caused by contact with the radio unit during flight.

No flight im

pairment wos observed when the bird was flushed prior to radio re
moval.

This female was observed on the Pembina booming ground in

spring of 1977.
Female 12-2-76
After radio tagging on 22 April 1976, this female moved approx
imately 1.6 km from the booming ground and established a nest in un
disturbed brome along the edge of the Preserve near an expanse of grazed
prairie.

Feeding and loafing locations occurred primarily in this

grazed prairie and in a 4-ha tract of brome-alfalfa which had been
hayed in the summer of 1975.

On 10 May a wildfire threatened to de

stroy the nest and I removed the 11 eggs from the nest after an egg
had been laid earlier in the day.

After the fire was contained, the

eggs were replaced and caused no interruption in the nesting cycle.
Incubation commenced around 14 May.

The female was on the nest at 2130

on 19 May but was gone the next morning at 0700.

An examination of

the nest site revealed several fresh fox tracks in nearby pocket gopher
mounds, a few feathers and only 3 eggs remaining.

Moist conditions

following a light rain and a breeze blowing from the nest towards the
fence line bordering the grazed prairie (30 m away) possibly enhanced
scenting conditions for the fox.

The 3 fertile eggs were promptly

transferred to an incubator but failed to hatch suggesting that pre
dation had occurred in early evening resulting in chilling and embryo
death.

12-2-76 (continued)
An immediate ground search of the area followed by an ae.rial
search failed tc locate the female.

The predator could have damaged

the transmitter or buried the unit such that transmission strength was
impaired.

Another possibility is that the female escaped an attack

and promptly made a long range movement out of the area.

This occurred

during the 1977 field season when female 6-0-77 moved 6.4 km after a
fox attack.
Female 6-0-a-76
This female was radio-tagged on 13 May 1976 and a well-developed
brood patch was noted suggesting that she was renesting.

After banding,

the female restricted most of her movements to a 65-ha block of the
Preserve which contained a mosiac of undisturbed cover, a bromealfalfa hayfield and spring-burned prairie.

A nest with 3 eggs was

found in a low sedge area on 23 May, but was abandoned after I flushed
the female.

Subsequent locations occurred in a tract of grazed prairie

adjacent to the Preserve and near the abandoned nest.

Laying com

menced in a second (probably the third) nest 3 days after abandonment
of the first.

The renest was located in a clump of little bluestem

in moderate to heavily grazed prairie.

While this nest was active,

feeding and loafing locations were in grazed prairie with 5 of 13
associated with grazed aspen.
20 m inside an aspen stand.
in the second nest.

On 1 occasion the female was flushed
The female was killed after laying 6 eggs

The carcass was found along the edge of an aspen

sta’-d used previously for loafing and/or feeding.

Feeding evidence

on the carcass plus an associated feather indicated that a great horned
owl was the predator involved.
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Female 4-2— 76
After radio tagging on 18 April 1976, this female moved nearly
1.6 km to an area containing fall-burned prairie, undisturbed prairie
and several clumps of aspen and willow.

On 23, 24 and 27 April she

was observed back on the booming ground where several copulation at
tempts were made.

On 3 May she was again located near and probably

on the booming ground.

It is believed that she had initiated a nest

in a 16-ha tract of undisturbed alfalfa and bluegrass near the booming
ground but this was not confirmed.

She was killed by a mammal, pre

sumably a fox, between 4 May and 6 May.
The movements of this female seemed normal and, when flushed, she
flew without any noticeable flight impairment.

However, no other

females were observed to copulate as much and it is assumed that the
harness created some difficulty which interferred with successful
■a

copulation.

Likewise the failure to adjust to the harness could have

been a contributing factor to predation.
Female 9-l-a-76
This female was radio-tagged on 18 April 1976 and lost a consider
able amount of feathers during capture and processing.
the bird's neck was also noted.

A swelling on

Upon release the bird flew well for

300 m and landed in a grassy swale in an otherwise cultivated field.
Two days later she was observed in the same area and did not flush.
On 22 April she had moved approximately 1.6 km to the edge of the Pre
serve near a strip of trees.
were found nearby on 29 April.
fox predation.

Her carcass and a chewed transmitter
Teeth marks on the harness suggested
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9-i-a-76 (continued)
It is believed that trapping and the excessive feather loss sus
tained were contributing factors to predation.

It is possible that

the bird was in poor physical condition before capture which nay have
caused feathers to be lost more easily.

Also the swelling suggested

some abnormal condition.
Female 8-3-77 (10-0-76)
This female was first observed on the Pembina booming ground on
10 April 1977 still wearing the transmitter attached 5 May 1976.

She

appeared in good condition having apparently adjusted well to the pre
sence of the transmitter.

She returned on 11 April and again on 13

April when she was trapped and equipped with a new transmitter.

She

returned to the booming ground on 17 April acting receptive to copu
lation and again on 18 April when she was not observed in the receptive
posture.

Successful copulation occurred on 20 April and egg laying

commenced 5 days later in a nest only 4.6 m from her successful nest
of 1576 but 2.6 km from the booming ground.

During egg laying, feeding

locations were in a small grain stubble field and a grazed prairie.
Use was also made of grazed aspen clumps interspersed throughout the
prairie.

Dandelions and sow thistles were noted in greater abundance

near and in the aspen stands than open areas.
On 3 June, the hen left the nest with 13 chicks from 15 eggs and
moved into an adjacent small grain field similar to her movements of
1976.

The small grain was only 15-20 cm in height and provided little

concealment.

In 7 hours the hen had moved the 1 to 2-day old chicks

800 m to the edge of a newly developed field drainage ditch which con
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S-3-77 (10-0-76)

(continued)

tained 30 to 50 cm of water and undoubtedly presented a barrier to
brood movement.

A sedge-dominated prairie lowland was located across

this ditch and the hen may have been attempting to reach this cover.
This sedge lowland was a corridor through cultivated fields leading
to a sheep pasture where she may have gone in 1976.

The day after

encountering the ditch, the hen then moved back 800 m to the vicinity
of the nest site and crossed an older drainage ditch containing 10 cm
of water and considerable matted down sedges and bulrush which appar
ently facilitated crossing by the chicks.

For the next 2 days, the

brood utilized a grazed prairie but stayed near grazed aspen clumps.
Two chicks were observed in flushing the hen on 5 June.
The brood then crossed another drainage ditch and on 3 June (chick
age 5 to 6 days) the brood had moved no less than 3.8 km since leaving
the nest.

All of the brood locations were in areas where the hen had

been located during egg laying.

For the next 17 days, the brood con

fined their movements to a 20-ha area of prairie that was being grazed.
Midday locations were frequently in or very near grazed aspen clumps.
The hen was flushed on 16 June to confirm her condition since she had
restricted her movements so drastically compared to the first brood
week.

The nen seemed in good condition and exhibited decoying behavior

so it was assumed that she had chicks.

No decoying behavior was ob

served on 25 June and brood loss was assumed.

After brood loss the

female continued to utilize grazed prairie and aspen groves with use
of a nearby small grain stubble field commencing around 28 July.

This

field was periodically utilized until it was plowed on 12 August and
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8-3-77 (10-0-76)

(continued)

then the female moved back into the grazed prairie.

Commencing around

9 August the female was observed with 6-20 other birds and apparently
fall flocking had begun.
In comparing habitat utilization during the 2 years when this fe
male was monitored, 82% of the laying home range of the successful
nest of 1976 was contained within the home range for the same period
in 1977.

Habitats utilized within the ranges were likewise very

similar.

Because of transmitter failure soon after the brood hatched

in 1976, the similarity of habitats utilized for brooding is unknown,
but initially it was identical.
The female was night— lighted on 20 August and showed 1 small abra
sion where the radio unit had rubbed her back.

She was roosting with

6 other prairie grouse.
Female 6-0-77
On 26 May,

1977, this female was nest-trapped and radio-tagged at

1020 and by 1400 had returned to the nest.

Feeding locations during

incubation were in a spring-burned prairie and a small grain field.
On 4 June, the female was 200 m from the nest at 1155 and it was as
sumed that she haa hatched her clutch of 13 eggs.

On checking the nest

it was discovered that the nest had been depredated by a mammal.

Re

mains of 7 eggs eaten at the site were found between 2 and 4 m from the
nest.

A "trail" of feathers led to a large pile (from 20 to 25% of

the total of the bird) of feathers 8 m from the nest.

The large pile

of feathers was located in a vehicle track persisting from cable-chain
dragging on 19 May and was likely the travelway of the mammal.

Another

6-0-77 (continued)
"trail" of feathers (but more than the first trail) led away from the
feather pile.

After examining these feathers, it was assumed that

the female had been killed by the mammal (probably a fox) and cached
or eaten nearby.

Surprisingly, the female was then flushed from a

clump of willows 100 m from the nest site and flew well for at least
800 m.
The evidence around the nest strongly suggested that the female
had actually been caught by the mammal and then escaped at the location
of the large feather pile.

The direction of flight after escape was

likely represented by the second trail of feathers as some feathers
were adhering to grass stems 50 cm above the ground.

The large feather

pile may represent a "lay-down" site (Sargeant and Eberhardt, 1975:112)
where a fox placed the bird in the vehicle track and then returned to
eat or cache the eggs.

Plans were made to roost trap the female to

examine for injuries but she immediately left the area and was not re
located until a plane search could be made on 18 June.

She was found

in a small grain field 6.4 km from the previous location of 4 June.
On 22 June at 0250, she was trapped on what appeared to be a roost
site but was, in fact, a second nest containing 7 eggs.

The nest was

located in prairie which had regrown to 25 cm following a spring burn
carried out on 7 May,

1977.

The burn was quite hot and no residual

litter was available for the lining of the

nest and very little new

growth had been utilized.
The hen showed no noticeable signs of injury from the predator
but a patch of new feathers were developing on the lower back area
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6-0-77 (continued)
and near the base of the tail.

At 1350 on 22 June (the day of capture),

the female had left the area of the second nest and the eggs were cold
suggesting abandonment.

The eggs were collected and immediately trans

ferred to an incubator to determine the stage of incubation.

Three

eggs pipped on 17 July suggesting that the hen had just commenced in
cubation at the capture date with egg laying commencing around 15 June.
All of the eggs were fertile although only 3 hatched.
An extensive plane search on 10 July did not locate the female and
it was assumed that trapping on the second nest stimulated another long
range movement.

Another plane search on 13 August did result in locating

the female 12.3 km from the second nest site.

The bird was utilizing

a small grain stubble field and was roost-trapped on 14 August in the
company of another prairie chicken.

The female appeared to be in good

condition.
Female 8-l-b-77 (6-0-b-76)
This female was on the Pembina booming ground on 13 April 1977
and was cannon-netted along with female 8-3-77.

She was released with

out attaching a radio since she had lost her tail feathers and no radio
unit was available at that time.

On 16 April she was observed on

another booming ground located 2.1 km from the Pembina ground but was
not observed to copulate.

Her nest was located on 20 May by cable-

chain dragging when it contained 10 eggs.

The hen was establishing

her clutch as the nest contained 11 eggs on 22 May.

The nest was 29.8

m from the female's successful nest of 1976 where she was initially
radio-tagged.

An unsuccessful attempt was made to nest trap the hen
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8_- l-b-77 (6-0-5-76)
on 6 June.

(continued)

She was successfully trapped and radio-tagged on 7 June

at 1435 on incubation day 16.
Only 1 off-nest location was recorded during incubation which
was 100 m from the nest in spring-burned prairie.

On 16 June, 7 of

13 eggs hatched and the 6 unhatched eggs were infertile.

The hen moved

her brood directly to a 24-na spring-burned area containing a mixture
of prairie, brome, willow-dominated lowland and a cattail marsh.

The

hen restricted her movements almost entirely to this burned area for
3 weeks although she moved considerably back and forth through it.
She was never flushed during this period as it was thought that such
flushing contributed to the mortality of other broods.
On 11 July, the female moved out of the burned area and flushed
near a road when the mobile unit approached.

She flushed 45 m from

the vehicle and flew 175 m which was not typical behavior of a hen
with chicks so it was assumed that she had lost her chicks by that
date.

Habitat use by the broodless female for the following 40 days

consisted primarily of an alfalfa field (most of which had been hayed
the previous year) and prairie which had been burned the year before.
Most of the prairie had been plowed at one time and a considerable amount
of bare ground occurred between clumps of prairie grass along with poc
ket gopher mounds.

Several prairie chicken dusting bowls were noted

in this area each year.
The female was roost-trapped and the radio removed on 20 August.
She was in good condition and showed no injuries from the harness.
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Female 2-0-b-77
This female was nest-trapped and radio-tagged on 22 May 1977,
at 1000 and had returned to the nest by 1455.

The hen was on the nest

at 0905 on 26 May but was 100 m from the nest at 1235 on 27 May and
it was assumed the she had hatched her brood.

A nest check indicated

that the nest had been depredated by a mammal.

Of a clutch of 16 eggs,

10 had been ear.en with fragments located within 1 m of the nest.

Six

intact eggs and some shell fragments were in the nest which had been
partially covered with grass litter.
whethei

It was difficult to determine

the covering of the nest was deliberate or done incidental to

feeding activities of the mammal.

One egg was located in a small hole

that had been dug in the bottom of the nest

bowl.

Funnel-shaped

diggings in the litter around the nest were suggestive of skunk foraging.
This sign and the nature of the egg fragments strongly suggested that
a skunk was partially if not totally responsible.

The hen was flushed

in good condition 100 m from the nest site on 27 May.
By examining the stage of chick development, it was estimated
that the clutch was in the 14th to 16th day of incubation when depre
dated.

On 28 May, the female was located at the nest site though intact

eggs had been collected along with the egg shell fragments.

On 29 May,

the female began moving north from the nest site towards the Pembina
booming ground and on 1 June at 0515 she was only 350 m from the ground.
It is not k n e w whether she actually visited the ground.

The hen then

began moving in a southerly direction utilizing a variety of habitats
and by 8 June had moved 2.2 km from the nes' site onto a tract of grazed
prairie.

Her locations for the next 20 days were contained within a
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2-0-6-77 (continued)
22-ha portion of this grazed prairie.
she made any attempt to renest.

There was no indication that

The female was last located on 28

June when she seemed to be initiating another southerly movement.

A

thorough plane search of a 16.0-km radius area around the Preserve
on 10 July failed to locate the bird and it was assumed that she
either made a long-range movement or the transmitter failed.

On 13

August another plane search was carried out and the transmitter was
located 800 m from the 28 June location.

The transmitter harness

showed several teeth marks and fox predation was assumed.
It is unknown why the signal was not picked up on the plane search
of 10 July out the following are possibilities:

1) the transmitter

could have been in a fox den at that time and later brought to the
surface, 2) the transmitter frequency could have shifted so that it
was not received at the usual setting on the receiver or 3) the female
could have moved out of the area searched and then returned and was
killed after 10 July and before 13 August.
Female 4-1-77
After radio tagging on 12 April 1977, this female spent the next
2 days in a small grain stubble field and an alfalfa field within 800 m
of the booming ground.

On 15 April, the female made a long movement

(2.0 km from the booming ground) to a c o m stubble field adjacent to
a variety of undisturbed cover and grazed prairie.

The female spent

the next 63 days on this 260-ha area.
On 23 April,

the female revisited the booming ground and copulated.

Egg laying commenced 5 days later in a nest established in relatively

4-1-77 (continued)
sparse sweet clover and quackgrass along the crest of a ridge.

On

7 June, the hen left the nest with 13 chicks (of a total clutch of
13) and moved towards the core stubble which she had utilized for
feeding during egg laying.

For the next 10 days the brood utilized

primarily lowland area in the replanted corn field that contained
scattered willows and young aspen.

Occasional use was made of an

alfalfa field adjacent to one of these lowland brushy areas.
The hen could not be located on 17 June and predation was assumed.
During a plane search on 18 June, the hen was located 2.7 km from the
16 June location and was apparently in good condition but had lost
her brood.

Minimal adverse weather occurred during the brood period

so weather-influenced mortality could not be implicated.

Furthermore,

in other cases where hens lost their chicks through gradual attrition,
they still remained in the general area.

It is speculated that the

brood was

depredated either late on 16 June or early on 17June and

the hen's

long movement occurred as the result of the loss of her brood

and having an encounter with a predator.

A search was made of the

narrow strip of lowland prairie and brush running through the corn field
where the

last location of the brood was taken but no sign could be

found which would help explain the loss of the

brood.

The height of

the vegetation (40-60 cm), however, would have concealed anything but
a very conspicuous predation site.
After brood loss the female moved no less than 17.3 km in 14 days.
During this period she moved steadily away from the brooding area un
til she was at least 6.0 km away and then began moving back.

On 30
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4-1-77 (continued)
June she had returned to the same area (at least within 300 m) where
she was last located with a brood on 16 June.

Radio contact was then

lost until 10 July when a plane search located her 4.3 km away from
the 30 June location but in the opposite direction from her previous
long-range movements.

She had moved to a large expanse of grazed

prairie (> 3200 ha) where she probably spent the remainder of the summer
since she was roost-trapped on 11 August very near the 10 July location.
She was roosting with at least 3 prairie grouse, 1 of which was an
adult female which was mistakenly caught with the hoop net on the first
attempt to catch female 4-1-77.

The female was in good condition when

captured.
Habitat preference was not evaluated for this female for the brood
less period since she ranged over an extensive area showing little af
finity to any one portion.

She may have restricted her movements to

a particular area once she had moved to the grazed prairie where she
was located on 10 July but access limitations prevented regular monitoring.
Female 8-l-a-77
This female was radio-tagged on 12 April,

1977.

For the next 2

days she stayed in an undisturbed alfalfa field adjacent to the booming
ground.

She then moved to a portion of the Preserve containing prairie:

an alfalfa field and scattered brush clumps.

The female confined her

movements to this 65-ha area for the next ^2 days.
Tne hen was on the edge of the booming ground of capture on 24
April and again on 28 April, but was not observed to copulate.

Egg

laying commenced on approximately 3 May in a nest located in prairie
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8-l-a-77 (continued)
which had been burned in the spring of 1976.

Habitat use after tagging

and during nesting included this prairie and an adjacent alfalfa field
which had been hayed in 1976.
14 May.

Incubation commenced on approximately

The female was depredated around 23 May by a raptor.

The

cleanly picked carcass with very little small bone damage suggested
that a raptor was the predator involved.

The location of the carcass

50 m from the alfalfa field and the presence of fresh alfalfa leaves
in remnants of the crop suggested that the hen was killed while off
the nest feeding in the alfalfa.
Tne nest was examined on 24 May and 1 egg of a clutch of at least
12 had been destroyed by a ground squirrel.

Initially it was thought

that this partial clutch predation had induced abandonment but after
finding the depredated hen it was concluded that the predation of the
hen had come first leaving the clutch unattended and available for
egg predation.
Female 2--0-a-77
This female was radio-tagged on 11 April 1977 and in the following
6 days showed little affinity for a particular area.

She steadily moved

approximately 500 m per day generally away from the booming ground
with little pattern shown in habitat use.

Radio contact was lost after

17 April when the bird was located 2.8 km from the booming ground in
r. grazed prairie.
A plane search located the remains of the hen on 17 May in a fox
den located 1.6 km from the 17 April location and 4.8 km from the booming
ground of capture.

The radio was beneath approximately 70 cm of earth
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2-Q-a~77 (continued)
and was at least 1 m from the closest den entrance.

The den was lo

cated on a sandy knoll in the middle of a grove of aspen.

The signal

could be picked up from around 2.0 km from the plane but no more than
100 m from the mobile unit.
Female 8-2-77
After radio tagging on 12 April, 1977, this female moved an average
of 975 m per day for A davs away from the booming ground.

On 20 April

at 0635 she was last located 5.5 km from the booming ground of capture
and 800 m from a different booming ground.

An intensive ground search

of the area of last radio contact failed to locate the female as did
17 May and 10 July air searches of a 16-km radius surrounding the
Preserve.

The loss of radio contact could have been due to one or more

of the following factors: transmitter malfunction, transmitter failure
<r

due to predator damage, or dispersal beyond the area searched.

Of these,

the latter alternative is favored because of the steady, undirectional
movement made by the bird.

Also, the radio signal seemed normal at

last contact and radio units had withstood considerable chewing by
mammalian predators and even continued tc produce a signal from under
ground.

M.

Aminann, G. A.
1957.
Cons., Lansing.

LIT ER AT UR E C I T E D

The prairie grouse of Michigan.
200 pp.

Mich. Dept.

Arthaud, F. L.
1968. Populations and movements of the prairie chicken
related to land use in southwestern Missouri. M.A. Thesis. Univ.
Missouri, Columbia.
134 pp.
Artmann, J. W.
1970.
Spring and summer ecology of the sharp-tailed
grouse.
Ph.D. Thesis. Univ. Minn., St. Paul.
129 p p .
Baker, M. F.
1953.
Prairie chickens of Kansas.
Univ. of Kansas,
State Biol. Surv. Misc. Publ. No. 5. 66 pp.
Barrett, R. W.
1970.
Behavior of ruffed grouse during the breeding
and early brood rearing periods.
Ph.D. Thesis.
Univ. Minn.,
St. Paul.
265 pp.
Bendell, J. F.
1974.
Effects of fire on birds and mammals.
Fages
73-138 in T. T. Kozlowski and C. E. Alilgren, eds. , Fire and
Ecosystems.
Acad. Press, New York.
542 pp.
Berg, W. E. 1975.
Sharp-tailed grouse hunter check, northwestern
Minnesota, 1974. Minn. Wildl. Res. Quart.
35(3/4): 94-96. Minn.
Dept. Nat. Resour., St. Paul.
Bowen, D. E.
1971. A study of dummy nests and greater prairie chicken
(Tympanuchus cupido pinnatus)nests in northeastern Kansas with
notes on female nesting behavior.
M.S. Thesis.
Kansas State
Univ., Manhattan.
58 pp.
Bowman, T. J. and R. J. Robel.
1977. Brood break-up, dispersal, mo
bility and mortality of juvenile prairie chickens.
J. Wildl.
Manage.
41(1): 27-34.
Brander, R. B. 1968. A radio-package harness for game birds.
Wildl. Manage.
32(3): 630-632.

J.

Cancelado R. and T. R. Yonke.
1970.
Effect of prairie burning on
insect populations.
J. Kans. Ent. Soc. 43(3): 274-281.
Christisen, D. M.
1969.
National status and management of the greater
prairie chicken.
Trans. N. Am. Wildl. and Nat. Resour. Conf.
34: 207-217.

161

162

Drooney, R. D. arid R . D . Sparrows.
1977. Land use relationships and
movements of greater prairie chickens in Missouri.
Trans. Mo.
Acad. Sci.
10, ii: 146-160.
Dumke, R. T. and C. M. Fils.
1973. Mortality of radio-tagged pheasants
in the Waterloo Wildlife Area. Tech. Wildl. Bull. No. 72. Wise.
Dept. Nat. Resour., Madison.
52 pp.
Elson, J. A.
1967. Geology of glacial Lake Agassiz.
Pages 37-95 in
W. J. Mayer-Oakes, ed., Life, land and water.
Univ. Manitoba
Press, Winnipeg.
414 p p .
Evans, K. E.
1974. Personal communication.
U.S.F.S., Columbia, Mo.

N. C. For. Exp. Stn,,

Ewing, J.
1924.
Plant successions of the. brush-prairie in northwestern
Minnesota.
J. Ecol.
12: 238-266.
Farmes, R. f,. and G. H. Maertens.
1973.
The status of the prairie
chicken in Minnesota:
What now?
Pages 92-84 in W. D. Svedarsky
and T. Wolfe, eds., The prairie chicken in Minnesota.
Univ. Minn.,
Crookston.
102 pp.
Feyerherm, A. M., L. D. Bark and W. C. Burrows.
1966. Probabilities
of sequences of wet and dry days in Minnesota.
Kans. Tech. Bull.
No. 139j . Manhattan, Kans.
55 pp.
Gleason, H. A. and A. Cronquist.
1963.
Manual of vascular plants of
northeastern United States and adjacent Canada. Van Nostrand
Reinhold Co., New York.
810 pp.
Gross, A. 0.
1930.
investigation.

Progress report of the Wisconsin prairie chicken
Wise. Cons. Comm., Madison.
112 pp.

Haas, G. H.
1974. Habitat selection, reproduction and movements in
female spruce grouse.
Ph.D. Thesis. Univ. Minn., St. Paul.
124 pp.
Hamerstrom, F. N.
1939. A study of Wisconsin prairie chicken and
sharp-tailed grouse.
Wilson Bull.
51 (2): 105-120.
Hamerstrom, F. N. and F. Hamerstrom.
1949. Daily and seasonal move
ments of Wisconsin prairie chickens. Auk.
16 (4): 312-337.
Hamerstrom, F, N. and F. Hamerstrom.
1973.
Wisconsin.
Tech. Wildl. Bull. No. 64.
Madison.
52 p p .

The prairie chicken in
Wise. Dept. Nat. Resour.,

Hamerstrom, F. N., Jr., 0. E. Mattson, and F. Hamerstrom.
1957. A
guide to prairie chicken management.
Tech. Wildl. Bull. No. 15.
Wise. Cons. Dept., Madison.
128 pp.

Harvey, M. F. and R. W. Barbour.
1965. Home range of Microtus
ochrogasr.er as determined by a modified minimum area method.
J. Mammal.
46(3): 398-402.
Hess, E. H.
1972.
Imprinting in a natural laboratory.
227(2): 24-31.
H iggin s,

K.

F.,

L . M. K i r s c h ,

Sci. Am.

H.

F. D u e b b e r t , A . T. K l e t t , J . T.
Lokemoen, H. W. Miller, and A. D. Kruse.
1977. Construction
and operation of cable-chain drag for nest searches.
Wildl. Leaf.
No. 512. U.S. Fish and Wildl. Ser., Wash., D.C.
14 p p .

Hurst, G. A.
1970.
The effects of controlled burning on arthropod
density and biomass in relation to bobwhite quail (Colinus
virginianus) brood habitat.
Ph.D. Thesis. Miss. State liniv.,
Mississippi State.
61 pp.
Janson, R. G.
1955. Prairie grouse brood studies, 1953-1954. Fed.
Aid in Wildl. Restor. Proj. W-17-R-8.
S. Dak. Dept. Game, Fish
and Parks, Pierre.
8 pp.
Johnsgard, P. A.
1973.
Grouse and quails of North America.
Nebraska Press, Lincoln.
553 p p .

Univ..

Johnson, D. H. and A. B. Sargeant.
1977.
Impact of red fox predation
on the sex ratio of prairie mallards.
Wildl. Res. Rep. No. 6.
U.S. Fish and Wildl. Ser., Wash., D.C. 55 pp.
Jones, R. E.
1963.
Identification and analysis of lesser and greater
prairie chicken habitat.
J. Wildl. Manage.
27 (4): 757-778.
Jorgenson, J. P.
1977.
Pinnated grouse (Tympanuchus cupido pinnatus)
movements and habitat utilization in the northern Great Plains.
M. S. Thesis.
Univ. N. Dakota, Grand Forks.
88 p p .
Kessler, W. B.
1977. Availability and use of Attwater's greater prairit
chicken habitat.
Pages 13-14 in L. A. Rice, ed., Proc. Twelfth
Prairie Grouse Tech. Coun.
13-i5 Sept. 1977. S. Dak. Dept. Game,
Fish and Parks, Pierre.
Kirsch, L. M.
1956.
Spring prairie grouse census and habitat inventory
methods.
Wildl. Leaf. No. 13. U.S. Fish and Wildl. Ser., Wash.,
D.C.
7 pp.
Kirsch, L. M.
1969. Waterfowl production in relation to grazing.
J. Wildl. Manage.
33(4): 821-828.
Kirsch, L. M.
chickens.

1974a. Habitat management considerations for prairie
Wildl. Soc. Bull.
2(3): 124-129.

Kirsch, L. M.
1974b.
Instructions for using a height-density pole
for obtaining vegetative measurements on upland habitats.
N.
Prairie Wildl. Res. Center.
U.S. Fish ana Wildl. Ser., Jamestown,
N. D.
3 pp. (mimeo) .

164

Korschgen, L. J.
1962. Food habits of greater prairie chickens in
Missouri.
Am. Midi. Nat. 68(2): 307-318.
Kuehnast, E. L.
1972. Climate of Minnesota.
Climatography of the
United States No. 60-21. U.S. Gov. Print. Office, Wash., D.C.
20 p p .
Lehmann, V. W.
1941. Attwater’s prairie chicken, its life history
and management.
N. Am. Fauna. No. 57. U.S. Fish and Wildl. Ser.,
Wash., D.C. 63 p p .
Maxson, S. J.
1978.
Spring home range and habitat use by female ruffed
grouse.
J. Wildl. Manage.
42(1): 61-71.
Maxwell, A . E .
163 pp.

1961.

Analysing qualitative data.

Wiley, New York.

McEwen, L. C., D. B. Knapp and E. A. Hilliard.
1969.
Propagation of
prairie grouse in captivity.
J. Wildl. Manage.
33(2): 276-283.
Mohr, C. 0.
1947. Table of equivalent populations of North American
small mammals.
Am. Midi. Nat.
37(1): 223-249.
National Academy of Sciences— National Research Council.
1962. Range
research: basic problems and techniques.
Publ. No. 890 NAS-NRC.
Wash., D.C.
341 p p .
National Oceanic and Atmospheric Administration (N.O.A.A.).
1975.
Local climatological data: Annual summary with comparative
data for Fargo, North Dakota.
National Climatic Center, Asheville,
N. Carolina.
4 pp.
Nikiforoff, C. C., A. H. Hasty, G. A. Swenson, A. L. Gray, E. A. Fieger,
S. Hill, H. C. Hewman, C. H. Mattson, J. C. Hide and E. Kneen.
1939.
Soil Survey (reconnaissance) - The Red River Valley Area,
Minnesota, Series 1933, No. 25. U.S.D.A. - and Univ. Minn. Ag.
Exp. Stn., St. Paul.
98 pp.
Pepper, G. W.
1972. The ecology of sharp-tailed grouse during spring
and summer in the aspen parklands of Saskatchewan.
Wildl. Rep.
No. 1. Sask. Dept. Nat. Res., Regina.
56 p p .
Porter, W. F.
1977. Home range dynamics of wild turkeys in southeasterr
Minnesota.
J. Wildl. Manage.
41(3): 434-437.
Rebel, R. J.
1970.
Possible role of behavior in regulating greater
prairie chicken populations.
J. Wildl. Manage.
34(2): 306-312.
Robel, R. J., J. N. Briggs, A. D. Dayton and L. C. Hulbert.
1970a.
Relationships between visual obstruction measurements and weight
of grassland vegetation.
J. Range Manage.
23(4): 295-297.

Robe]., R. J., J. N. Briggs, J. J. Cebula, N. J. SiLvy, C. E. Viers
and F. G. Watt.
1970b.
Prairie chicken habitat and movements.
J. Wildl. Manage.
34(2): 286-306.
Sargeant, A. B. and L. E. Eberhardt.
1975. Death feigning by ducks
in response to predation by red foxes (Vulpes fulva) . Am. Midi.
Nat.
94(1): 108-119.
Scheffe, H.
1953. A method for judging all contrasts in the analysis
of variance.
Biometrics.
40:87-104.
Schiller, R. J.
1973.
Reproductive ecology of female sharp-tailed
grouse (Pedioecetes phasianellus) and its relationship to early
plant succession in northwestern Minnesota. Ph.D. Thesis.
Univ. Minn., St. Paul.
175 p p .
Schwartz, C. W.
1945.
The ecology of the prairie chicken in Missouri.
Univ. Missouri studies.
20(1): 1-99.
Silvy, N. J.
1968. Movements, monthly ranges, reproductive behavior,
and mortality of radio-tagged greater prairie chickens (Tympanuchus
cupido pinnatus). M. S. Thesis.
Kansas State Univ., Manhattan.
135 pp.
Skinner, R. M.
1977. A comparison of grassland structure and prairie
chicken use in Missouri.
Page 12 in L. A. Rice, ed., Proc.
Twelfth Prairie Grouse Tech. Coun.
13-15 Sept., 1977. S. Dak. Dept
Game, Fish and Parks, Pierre.
Soine, 0. C.
1966.
Fifty years of weather at the Northwest Experiment
Station.
Misc. Rep. 72. Minn. Ag. Exp. Stn., Univ. Minn., St.
Paul.
16 pp.
Southwood, T. R. E. and D. J. Cross.
1969.
The ecology of the partridge
III.
Breeding success and the abundance of insects in natural habi
tats.
J. Anim. Ecol.
38: 497-509.
Fowls, L. K.
1948. The Fianklin giound squirrel (Citelius franklinii
(Sabine)) and its relationship to nesting ducks.
J. Mammal.
29(2): 113-137.
Swanson, G. A. and M. I. Meyer.
1973. The role of invertebrates in
the feeding ecology of Anatinae during the breeding season.
Pages
143-185 in Proc. Waterfowl Habitat Management Symposium.
30 July 1 August, 1973. Moncton, N.B.
306 p p .
Tester, J. R. and W, II. Marshall.
1962. Minnesota prairie management
techniques and their wildlife implications.
Trans. N. Am. Wildl.
Nat. Resour. Conf.
27: 267-287.
Toepfer, J. E.
1973. Movements and habitat use of greater prairie
chickens in central Wisconsin.
College of Nat, Resour., Univ.
of Wise., Stevens Point.
2 pp . (mimeo).

166

Van Amburg, G. L . , J. A. Swaby and R. H. Pemble.
1978. Response of
arthropods to a spring burn of tall grass prairie in northwestern
Minnesota. JriProc. of VI Midwest Prairie Conf. , 13-16 August,
1978.
Ohio State Univ., Columbus.
(In press)
Viers, C. E.
1967. Home range and movements of the greater prairie
chicken with notes on activities. M. 3. Thesis.
Kansas State
Univ., Manhattan.
78 p p .
Weigand, J. P.
1977. The biology and ecology of Hungarian (gray)
partridge in Montana. Mont. Dept. Fish and Game, Helena.
388 pp.
Westemeier, R. L.
1971.
Fourth annual report of the prairie grouse
committee - The Nature Conservancy.
111. Nat. Hist. Surv.,
Urbana,
25 pp.
Westemeier, R. L.
1972.
Prescribed burning in grassland management
for prairie chickens in Illinois.
Proc. Tall Timbers Fire Ecol.
Conf.
12: 317-338.
Westemeier, R. L. and D. R. Vance.
1975.
Eighth annual report of
the prairie grouse committee.
Illinois Chapter - The Nature
Conservancy.
111. Nat. Hist. Surv., Urbana.
27 pp.
Wolfe, T. W.
1977.
Status of prairie chickens in Minnesota.
Page
A in L. A. Rice, ed., Proc. Twelfth Prairie Grouse Tech. Coun.
13-15 Sept., 1977.
Pierre, S.D.
Yeatter, R. E.
1963.
Population responses of prairie chickens to
land-use changes in Illinois.
J. Wildl. Marage.
27(A): 739-757.

A

